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AMINCO’S RELAY... 





Aminco’s Relay for use with Manostats, Hygrostats, 
Mercury Thermoregulators and other contact-making 
instruments where low operating currents are desirable 
or necessary to control heaters, lighting loads and 
fractional h.p. motors. It is 356” x 3/2” x 134”. 


this tiny Supersensitive Mechanical Relay, made 
by American Instrument Company, Washington, 
D. C., includes the Burgess Micro-Switch because 
of its exceptional operating characteristics and 


noteworthy compactness. 


Minimum motion, minimum operating pressure, 
and operation in any position were essentials re- 
quired of a switch by Aminco engineers. All 
these and more are provided by the Burgess 
Micro-Switch. Fast, positive snap action, high 
conductivity, constant calibration, ability to op- 
erate on .001’”” movement and long life are as- 
sured by the beryllium copper springs and the 
other unique features of the Burgess Micro- 
Switch. 


BURGESS 


MICRO 


SWITCH 








Then there are these additional features to recommend the 
Burgess Micro-Switch for use in high quality equipment: Uni- 
formity, Dust-proof Construction, Heat Resistance, Fully In- 
sulated Housing and Operation in any Position. 


Laboratory tests and practical applications have amply 
demonstrated the ability of the Burgess Micro-Switch to 
stand up with but little wear in severe service in electrical 
appliances, machinery or control instruments . . . wherever 
there are electrical circuits to be controlled accurately and 


reliably. 


TELL your switching troubles to our engineers. They are pre- 
pared to serve you. 


DESCRIPTIVE LITERATURE UPON REQUEST 


C. F. BURGESS LABORATORIES, Inc. 


FREEPORT 
ILLINOIS 





Actual Size 


a SPECIFICATIONS s 


DIMENSIONS: Length | 15/16”. 
Height 27/32”. Width 11/16". Dis- 
tance between centers of mounting 
holes, |”. Mounting holes, 1/8” di- 
ameter. 


OPERATION: Actuated by .00!1” mo 
tion and 4-ounce pressure differ- 
ential, in any position. Vibration 
proof, Rapid, positive performance. 
Operates at high speeds. 


RATING: Handles 10 amperes, 110 
volts a.c.; 5 amperes, 220 volts a.c. 

TYPES: Red Top—Normally closed. 
Green Top—Normally open. Blue 
Top—Double throw. 
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RECORDERS AND RECORDING | 
NEW, MODERN CASE DESIGN 
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New Taylor Recorders 
of Temperature 
and Pressure 


HESE new temperature and 
| petro recorders have now 
replaced all Taylor instruments 
previously listed for industrial 
use where accurate, hour-by-hour 
temperature or pressure records 
are essential. 

The first feature is the new die- 
cast rectangular case, the creation 
of an eminent modern American 
commercial designer. The clean- 
cut, simple lines give a distinctive 
and stimulating new beauty to 
this type of instrument. Modern 
art appears on the instrument 


panel board. 
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New in beauty ...improved in accuracy 


and durability—the new Taylor Recording 
Thermometer. The same case and outward 
appearance obtain for the new Taylor Re- 


cording Pressure Gauge. 





The case comes in either black 
or white enamel finish. It is dust- 
proof, moisture-proof, and rust- 


proof. 


The inner mechanism is im- 
proved and refined so that it sets 
even higher standards of dur- 


ability and accuracy in recorder 


performance. Here are outstand- Ne\ 
ing features: Re 
1. Improved mechanism with per 


much lighter movement. Smal! noi 
corrosive bearings and pivots reduc H 
frictional forces and vibration mate R 


rially. Result—more accurate pe! lie-ca: 


formance. lignifi 
2. Longer and more flexible pe tures | 


arm made of stainless steel (18-8 Recore 


This gives better chart records du eauty 
to less pen friction. re es] 
3. Micrometer adjustment ©! 1. : 

ol 

precision accuracy IS pro\ strun 
setting the pen-arm. Minor st vals 
ments are made easier. | a 
These new temperatu erat 
pressure recorders are aysliabl ye 
as mercury-, vapor- or gas-actle tion 
ated instruments. lished 








REGULATORS WITH THE 
WITH IMPROVED MECHANISM 














tstand- 


m with 
all non- 
. Te duc L 


n mate- 





New Taylor Recording 
Regulators for Tem- 
perature and Pressure 


HE new Taylor Recording 

Regulators have the same 
lie-ecast cases with the simple, 
lignified lines and the same fea- 
lures that make the new Taylor 
Recorders distinctive in style and 
eauty. The following features 


ire especially important: 


1, A new method for balancing 
strument performance to sensitiv- 
'y of apparatus. The result is opti- 
mum control for a given set of 
perating conditions. 

2. Reversal of the regulator 
ction is quickly and easily accom- 


wished without any extra parts. 








Beauty, style, protection for inner mechanism 

you get all three in this new Taylor 

Recording Regulator. Like the new Taylor 

Recording Thermometer, this instrument is 
a general purpose regulator for use 


in any industry. 





3. Provision for micrometer ad- 
justment in setting control point. 
When manually changing the con- 
trol point, small increments of set 
pointermovementcan bemadeeasily. 

4. Incorporation of air pressure 
compensator. This contributes to 
accurate control when air supply 


pressure varies, 


All three of the features men 
tioned previously under the new 
Recorders are also to be found in 
the new Taylor Recording Reg 


ulators. 


For any other information re 
garding these new ‘Taylor Instru 
ments and their use in your 
particular plant, get in touch 
with a Taylor Representative. Or 
write Taylor Instrument Com- 


panies, Rochester, N.Y. 


bed 


indicating Recording * Controlling 


TEMPERATURE and PRESSURE INSTRUMENTS 
The name Taylor now identifies our complete 
line of products including Tycos instruments, 
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“Zig-zagging temperatures" mean 
waste—steady, "straight-line" \ 
TRENDALIZER control means bet- DEGREES FAHRENHEIT 





ter products, fewer rejects and fuel 1750 1800 1 
savings. 
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“Trendalizing Quickly STOPS Overshooting 
—then PREVENTS Undershooting! 


bpd happens when your control temperatures suddenly rise above the 
control point? Does your controller let them swing widely—then over 
adjust the control valve so that the temperature drops below the control point? 


This wasteful overshooting and undershooting is eliminated by the Brown ‘Tren 
dalizer."" At the first indication of a temperature change the Trendalizer opens 
the valve to slow down the change, following that temperature trend like a 
shadow until its direction is reversed. When the temperature begins dropping 
back toward the control point, the Trendalizer subtracts just enough of the 
previous valve movement to balance the new heat demand and return the tem- 
perature to the control point without undershooting. 


Changes in load, process lag and other variables are corrected automatically 
—and you get "'straight-line control’ at the control point. 


Send for complete information on the Brown Potentiometer Trendalizer. 


THE]BROWN INSTRUMENT COMPANY 


4482 WAYNE AVENUE PHILADELPHIA, PENNA. 


Branches in 22 Principal Cities 
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Introducing 






/ 4] In 
qutosyn | 

: 

The smallest Self-Synchronizing Signal Motor ever Pro 

offered... particularly adaptable for remote indicators 7 

APPLICATIONS AS REMOTE = 
READING MEDIUMS IN: be 
Temperature 4 
Pressure Gauges A 

Flow Meters & 
Fluid-flow Totalizers ese 
Fuel Level Gauges no 
Valve Position Indicators f 
Turbine Order-signal Systems Ne 
for Power Plants o: 
Load Indicators for Power Plants a 
Shaft Speed Indicators frie 
Remote Reading Scales 4 
Phase Angle Meters nes 
Mechanical Electrical Differentials int 
Watt-hourlndicators and Recorders a 
Interior Communications pic 
And many others re 
The uses for ““Autosyn” are wide and varied in practically every industry where remote indica- at 
tions are desired. Because of its unigue design and positive-action characteristics, Autosyn will th, 
respond to the slightest variances. A precisely balanced low-weight rotor, provided with ball + 
bearings permits the operations of Autosyn by a very low torque. Delicate movements of sen- ion 
sitive elements, such as bellows or bourdon tubes, may be instantly transmitted to duplicate or 1 


triplicate indicators e Our Engineering Department will gladly cooperate with you in solving ei 


your remote-reading problems. Write for complete description and information of Autosyn. 


PIONEER INSTRUMENTS§ 


PIONEER INSTRUMENT COMPANY INCORPORA'T po 


BROOKLYN: NEW YORK A SUBSIDIARY OF THE BENDIX AVIATION CORPOR 1ON mete 


INSTRUMENTS 
Page A6 — Vol. 6 





f] 


rr ever 


icators 


1ON 








wi po oun PART 


In This Issue 


y a sad coincidence, the author of 


the first notable report on orifice coeffi 
cients passed away as the authors of the 
latest report were giving it a final revi 
sion before mailing it to us. An obitu 
ary of J. M. Spitzglass appears on page 
908. The work he began is being carried 
on by capable physicists and engineers. 
Professor Tuve has long specialized in 
fluid flow and heat transfer. He built 
up the Texas Technological College lab 
oratories and served as experimental en 
gineer for a public service company be 
fore coming to Case. R. E. Sprenkle 
joined the Bailey Meter Co. after sery 
ing in the Signal Corps in 1917-19, and 
since 1922 his duties have consisted of 
research in fluid flow. 


@ The long chapter on positive meters 
in our Flow handbook concludes this 
month with wet types of gas meters. 


@ Fewer than the last few months’ 
average, the New Instruments neverthe 
less evidence by their variety an uncon 
querable striving for more accurate and 
more convenient methods in all fields of 
measurement and control. 


© © 
Next Month 


@ Something will have to be done about 
the modesty of designers of automatic 
control systems. Take Eric Pick, M.E., 
for example: if we weren’t neighbors and 
friends, his new control valve, rate-of- 
flow devices, timers and associated de- 
vices—eliminating manual control from 
a well-known chemical process—might 
never have been reported in this maga- 
zine. Fortunately, he has prepared an 
interesting illustrated description which 
will appear in our next issue. But Eric 
is only one of the many reticent violets 
of Instrumentation. Readers knowing 
any of them are asked to urge them to 
announce their achievements through our 
hospitable pages. Your editor is losing 
sleep worrying about these untold stories 
of Measurement and Control. See what 
you can do. Anyway, we have a great 
article by Pick for December. 


¢ @ @ 


The Front Cover 


@ Two schools of opinion regarding 
switchboards provide interesting discus 
sions. One advocates the enclosed dead- 
front type—vast surfaces broken only by 
little levers; the other upholds the open 
type “where you can see the devices you 
rely on.” In our opinion, the question 
whether the breakers and other mechan 
isms should be accessible or concealed is 
less important than the need of having 
plenty of indicators to keep attendants 
informed, enough graphics to provide 
permanent records for the higher-ups, 
ind meters registering the energy in all 
Circuits for the benefit of all concerned. 
Our front cover shows a_ switchboard 
built by the Roller-Smith Co. for the 
city of Tecumseh, Neb. We call it mod 
ern because of the rectangular instru 
ments, because of the graphics and be 
cause the energy in all main circuits is 
metered. 


EDITORIAL COMMENT 






“Juice” 


rhe uses of electrical energy in industry mav be classified as follows: 
, tT \ 
n ( 
{ ) i“? 
1, che l ex 
\ ) lite 
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Pe | } 
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] 
( Illumis 
yl , 


catol 


Safet fro th mplest cut-out 


(/) { 1 if 
The problems of electrical measurement, howeve r, confront us not only 


the above-mentioned aspects of the utilization of electrical energy, but to 
even greater degree in the power house and on the circuits throug! hich the 
electric current is made available to industry. 

Electrical instruments thus have manifold duties to perform. In some ir 
stances they appear only as indicators, giving the user an idea of the value of 
the magnitude with which he is dealing, in other cases as recorders, providit 
a permanent record of energy consumption or of the performance of some 


unit of the plant. Electrical instruments are often essential to the suecessfu 
operation of mechanical units; and to those responsible for the supply of ele 
tric power to industry and commerce, electrical measuring devices become the 
cash registers of the system and establish the revenues of the great electrical 
utilities. It therefore follows that not only is there a variety of electrical n 
nitudes to be determined, but that the system of measurement and the re quired 
precision must vary greatly under differing conditions 


HUS begins the first chapter of a new book on electrical measure 

ments and control for industrial users of electrical energy and for 

all users of electrical instruments and devices in general. The pub 
lisher takes great pleasure in announcing that the serial publication of 
this handbook will begin in the January 1934 number of Instruments. 
Each monthly instalment will not only be informative but it will grip 
your attention and leave you, when you have finished it, with the satis 
faction of having absorbed and digested a well-balanced meal. 

The reason the publisher is able to promise all this with such confi 
dence is because he knows the two authors of this book, because he has 
examined much of the book itself, and because this book is Part Seven 
of Béhar’s Manual of Instrumentation. One of the two authors, ther 
fore, is Major Béhar, who needs no introduction to our readers, having 
been for three years engineering editor, and this past year editor of 
this magazine. The first six Parts of his Manual have been running 
serially in these pages for nearly four years. Back in 1928 his idea 
was to write only one chapter on electrical instruments and meters, but 
after associating himself with the publishe r of Instruments he came to 
the conclusion that the subject deserved a complete and modernized 
handbook treatment from the industrial angle. He and the publisher 
searched for an outstanding electrical specialist in electrical measur: 
ment and we had the good fortune to enlist the services of Perry A. 


JORDEN, eminent electrical « ngineer whose achievements with the 


Hydro Electric Commission of Ontario, in the A.I.E.E. and elsewhere 
are historic. 

With Mr. Borden as co-author, the Handbook of Industrial Ele: 
trical Measurements and Control rapidly took shape and is now being 
perfected into a unique treatise for which there is a crying need. 

The publisher begs to close this announcement with a request to 
each reader to call it to the attention of all acquaintances who have to 
do with industrial electricity. By getting them to subscribe, vou will 


be doing everv one of them a real favor. 


Klokud. Rontack 
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Wattmeters 
FOR USE ON LOW POWER 
FACTOR CIRCUITS 
Dynamometers , Milliammeters 
and Voltmeters. We also 
manufacture Ultra Sensitive 
Meters for both AC and DC, 


and Fluxmeters, etc. 


RAWSON 
Electrical Instrument Co. 
CAMBRIDGE, MASSACHUSETTS 

Branch 
91 Seventh Ave., New York City 


Representative: E. N. Webber, Daily News Building, Chicago, II. 











re 
JEWEL BEARINGS for INSTRUMENTS 


Meter Jewels and Pivots 
Complete assemblies made to meet any requirements 


Diamond and Diamond Pointed Tools 
for Every Purpose 


Sapphire Wire Drawing Dies, Contacts, Nozzles, etc. 


AURELE M. GATTI, Inc. 


America’s Largest Jewel Manufacturers 
“Six Generations of Experience 
TRENTON, N. J. 
Home Office and Factory Branch Factory 
Trenton, N. J Guayama, Puerto Rico 


























The Edgerton Stroboscope 


FOR SLOW MOTION STUDIES 
OF HIGH SPEED MECHANISMS 


TUDIES of hunting, vi- 

e bration, and other ir- 
regularities, in rotating 

MERCURY VAPOR =sand reciprocating machin- 
LAMP ery can be made under 
normal speed conditions 

INTENSE LIGHT by means of the Edgerton 
ae stroboscope. The intense 
SHORT FLASH light from the mercury 
vapor lamp allows this to 


Let us tell you more _ be done in full daylight. 
about this remark- 

able instrument. Ad- " 

dress the General PRICES 

Radio Company, Cam- 


bridge. Mass Lamp and Power 


ae $290.00 
* Motor-Driven 
Contactor ...... 55.00 


GENERAL RADIO COMPANY 


CAMBRIDGE A, MASSACHUSETTS 
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the NEW pocket-Stz¢ 


Weston Universal Exposure Meter 


Weston announces a new Model 617 Universal 
Exposure Meter... greatly reduced in size to 
fit the pocket or case . . . with a scale easier to 
read and more selective in its readings .. . with 
an improved calculator to suit any and all cam- 
eras ... with the same sensitivity as the older 
and larger model. 

This improved Meter quickly and accurately 
determines correct camera settings by means of 
its “PHOTRONIC light sensitive cell. The result is 
a perfect exposure on every shot. See this new 
model at your dealer’s today . . . Weston Elee- 
trical Instrument Corporation, 591 Frelinghuysen 
Avenue, Newark, New Jersey. 


*PHOTRONIC—a registered trade-mark designating the 
photoelectric cells and photoelectric devices manu- 
tactured exclusively by the Weston Electrical 
Instrument Corporation. 





WESTON * 
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Orifice Discharge Coefficients 
for VISCOUS LIQUIDS 


By G. L. TUVE’ and R. E. SPRENKLE™ 


INTRODUCTION AND PURPOSE 


HE convenience and simplicity of the 

thin plate orifice meter encourage its 

use for measuring the flow of viscous 
homogeneous liquids in small pipes. A 
typicé al applic: ation is the supply to an oil 
burner serving a metallurgical, industrial 
or boiler furnace, where accurate fuel 
measurement facilitates proper control of 
operating conditions. That such applica 
tions have not been made in appreciable 
numbers in the past is due to inadequate 
knowledge not only of orifice character 
istics in the viscous flow range, but also 
of the proper method of accounting for 
the effect of viscosity. Moreover, there has been some doubt as 
to what type of orifice assembly would prove most reliable in 
the measurement of oil and other liquids of high viscosity. As a 
means of accumulating a working knowledge of the perform 
ance of thin plate orifices under these conditions, a cooperative 
research project was initiated three years ago by the Case 
School of Applied Science and the Bailey Meter Company. As a 
result of this experimental study the authors propose to offer 
in r paper the following: 

A progress report covering the results of more than 500 
a rimental determinations of orifice coefficients in the viscous, 





ENGINEERING problems in 


furnaces and with chemical 
processes call for accurate 
metering of viscous liquids. 


eflicients for small changes in viscosity, 

. ‘ x s temperature, or density these larger ori 

connection with oil-fired fices cannot be recommended for commet 
cial use 

>». For orifice assemblies with essential 

features of design as shown in Fig. 2, the 


coeflicients for the recommended ranges 

' ire shown in Fig. 3. These coefticients ip 

The results of three years ply with an accuracy of +114% to both 
research on this subject are corner and to vena contracta pressure 
connections, provided the vena contracta 

reported, and practical ap- outlet’ connection is placed it O48 pipe 
plications described. —Editor diameters beyond the face of the orifice 
he coetiicients may be obtained directly 


3 if rate of flow, 
fice ratio and viscosity are known 


from Fig. pipe size, ori 


RECOMMENDATIONS FOR FURTHER STUDIES 


To obtain a complete and accurate set of coeflicient curves for 
and turbulent ranges is a 
completed at the pre 


the viscous very large job and one 
Which is far from being 


the most practical work which could be undertaken next would 


ent time Perhaps 


be the determination of effect of pipe size and finish upon the 
coefficients of orifices of diameter ratios from 20 to 50% inelu 
sive, at Reynolds numbers above 100. It is quite evident that 


additional work in the viscous flow region is atte mpted, 


advisable to adopt a standard form of orifice assem 


before 
it would be 

















the critical and the lower turbulent ranges, which have been bly. The authors feel that the type shown in Fig. 2 is entirely 
made at Case School of Applied Science. In 

these determinations, eight sizes of orifices 

were used, with liquids in the range of vis 

cosity between that of water and that of 1 4 10 10? 40° 0 0?! 
lubricating oil of 7500 seconds Saybolt. F-—T TH Tq | 1 — 

2. A comparison of all orifice data now = | } . | | | {| 
available on the low Reynolds number range } ft yt 
ind a discussion of the present status of the | ry eas ot | — +4 
Re iam . " 100} t t rt t es a a 
viscous flow problem. t+} t | aoe 

. ‘ . ; | eS wet 80 pia. Aario | Satan 3 

8. A further discussion of the advantages | } t+ 44 t +t rt as 
and shortcomings of the Reynolds number ad } ff i | = 
as a basis for correlating data. a ae = | } | + +4 . 

90° a T T | | | | U 
| 125 bee rario | | | 
SUMMARY OF RESULTS AND CONCLUSIONS 85+ + = +4 +4 1 as 

The general conclusions from these studies | zolmAmlaano | 
are briefly as follows: 60 . Try | 80 

1. Orifice coefficients for the entire range = 1B reece ee 64am. Rar | sf 
of viscous, critical and lower turbulent flows Be {| | |.60 Diab Rario| ia 
may be correlated satisfactorily on the basis —_ } t | . 
of Reynolds numbers, as shown in the com 70-8 T r] Ad 
posite curves of Fig. 1 ; = aim 

Throughout this entire range, the orifice 65 S| | | oa nual wari SS hee 
coefficients were reproducible for the same — Seabadahd 4] - 
operating conditions. = =f —4 | #0 Dias rarlo | t | 

3. Orifices of diameter ratios up to 50% ote | {+4 
are satisfactory for viscous, critical and tur- mrs | | | 
bulent flow measurement of homogeneous . = | 
liquids, provided that the Reynolds number s } 
expressing the flow conditions is not less t | 
than 100. For Reynolds numbers below 100, 45 
the orifice is a possible metering e a ment, but { j 
it is not recommended, see Fig. 40 | i] | 

4. The general characteristics if orifices of } p Ly | 
diameter ratios exceeding 50% @%s fairly 3S | ‘i 
well defined by the curves of Fig. 1, but in t HY 
view of the extreme slope of these curves 30} t 
indics ating the instability of the orifice co- } + | 
a 25} if +f } 

* Associate Professor of Mechanical Engineering, | a 
Case School of Applied Science, Cleveland, Ohio. | 4 

“Mechanical Engineer, Bailey Meter Co., Cleve- 20} | ae Be 
land, Ohio. | 

To be presented at the session of the A.S.M.E. 15 | I Rehwond armen 
Special Research Committee on Fluid Meters dur 7, 4 10 410 10° 410° 10" 4/10 07 4/107 10 


ing the Annual Meeting of the American Society 
193 chanical Engineers in New York, Dec. 4-8, 


Fig. 1. Composite Orifice Coefficient Curves for Viscous Liquids. 


INSTRUMENTS 
Nov. 1933—Page 201 











ORIFICE EDGE HA, BE MA W/TH NO ROUNDING 
PERCEPTIBLE VDER 25 POW “he 
4 y OR /A F HOLE is 
THICKNESS (8) OF STRAIGHT PAR > ORIKICE HOLE 
SHALL BE NOT GREATER THAN log TH OF THE ORIFICE Ai ue 
IIL TL » _ , » / 7, 20°-~ 
AMETER ; PREFERABLY FROM Gq 70 oo TH. OF ~ MGA 45 


/§ DIAPIETER. ALL BEVELING REQUIRED AT FS : 


DIAMETER OF PRESSURE HOLESFOR VENA _CONTRACTA 
CONNECTIONS SHALL BE NOT LESS THAN Fg", 
LENGTH OF STRAIGHT HOLE SECTION SHAL = 
5 WILE HOLE DIAMETER 





Fig. 2. Recommended Details 
of Orifice Assembly. 


Twelve orifice plate 
ten of Monel metal. 
and one of. stainl 
ds” thick. All the M 
orifices were honed, 
stream faces being 


“a. VENA CONTRACTA CONNECTIONS —*5°_ to: produce an 


length of &”. Or 
were examined unde, 


3 y microscope ifter 












































s £4 yr : 
“4d the flatness of the 
VRIFICE PLATE SHAL{ BE PERFECTLY FLAT AND checked. Duplic iLes 
FREE FROM SCRATCHES, PITTING OR OTHER BLEMISHES __ of certain orifices. 
—,. 
J £NA CONTRACTA COM TIONS APE lU/S£D THE ‘ : 
/? VENA CONTHAL 7A COM VECTIONS ARE V5ED TAL Operation. Ample 
MPPLES SHALL BE GROUND FLUSH WITH THE aA we 20 to 60 minut 
VS/DE PIPE WALL, WITH THE INS/DE HOLE EDGE * ae \ b fo a in 
SAHNIEN 7 221 aT 4 oad | — | \) > re eac . ty 
ROUNCE! 0 APPRONIMATELY Ce | D = 1D —ellee} FD' } yeTore € Ac 1 run tf 
l J steady conditions, tha 
PIPE BORE SHALL BE SMOOTH AND CONCENTRIC ee ee ee eee eee : 
binge a tego thei on . VEN TRIC = : TI stant heads and tem; 
FOP Lé RECEDING DOFOLL. 9 ORIFICE " 
95 INDICATED . ie JS DIAMETERS —4\+ 24D - rests made under 
; | which varied in the « 
WIDTH OF ANNULAR RECESS FOR CORNER | ,, aww E J the test were rejected 
CONNECTIONS SHALL BE OT MORE THAN Ye FOR “—_ sustments of the cont 
po caging * np le i. satahleaiaa tl JjJustments of the con 
PIPES OF 6 , WOR LESS THAN *32 FOR PIPE: : 
mys, borat galt were made during a 
a pumps were operated 


FLANGE FACES ON BOTH SIDES OF THE OR/EICE AND FOR ~ 
4/7HER VENA CONTRACTA OR CORNER CONNEC7T/ONS 
SHALL BE FLUSH W/7TH END OF PIPE. oa 3” 
= A, 
FLANGES AS WELL AS ORIFICE /TSELF SHALL BE ALL ~ 
LOWELED FOGETHER /N A MANNER S/M/LAR’ 70 THAT SHOWN, 
50 AS TO LOCATE ORIFICE AND OUTLET SECTION CONCENTRICALLY 


W/TH THE INLET SECTION. 


satisfactory, easy to construct and to maintain in a serviceable 
condition. Unless the essential design features shown in Fig. 2 
are used, the coefficients of Fig. 3 do not necessarily apply on 
account of the uncertainty caused by such factors as the ap 
parent disappearance of the vena contracta, the effects of ori 
fice finish and edge width, and the effect of roughness of the 
approach section. 


EXPERIMENTAL APPARATUS AND METHODS 
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of Messrs. Cowles, Kartorie, Heisterkamp, Eger, Theiss and 
Slater in the experimental phase of this study. The present 
status of the project is due largely to the experimental 
work which they have carried out as a part of their 
thesis requirements at Case School of Applied Science 
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General Set-wp. All data were obtained by means of lz 
the weigh-tank system shown in Fig. 4. The two weigh |S 
tanks were supported by calibrated scales sensitive to S 
0.1 lb. Discharge from these tanks was emptied into a my 
sump through drains turned upward under the surface of IN 
the liquid in the sump. For water and the lighter oils, a Nig 
centrifugal pump was used for recirculating the liquid, Q}y 
but a rotary (Viking) pump was required for the heavy 5 |X 
oils. An air chamber was used with rotary pump but no & & 
pulsations could be detected without it. A shell-and-tube a}? 
type of surface heat exchanger followed the pump and air r> 
chamber assembly, and this was piped for both heating SS 
and refrigeration. The approach pipe to the orifice as zx 
sembly consisted of a section of extra-heavy smooth brass aj 
tubing 1.272” I.D. and 100 diameters long, with straight la 
ening vanes at the entrance. Open-end vertical manom- ~ 
eters were used, the final set-up having three inlet and Ix 
seven outlet indicating tubes, all ”" I.D. This number Is 


of tubes was used in order to study more carefully the 
point of minimum static pressure on the outlet side of the 
orifice as well as the point of maximum static pressure 
on the inlet side 


Orifices and Orifice Assembly. The orifice test section, essenti- 
ally as in Fig. 2, was also of 1.272” I.D., finished smooth and so 
arranged that it could be taken apart readily for changing ori- 
fices. The pressure connections on the inlet side, two in number, 
were 1,” brass pipe nipples ground flush and smooth with the 
inside of the tube. The outlet pressure connections, eight in 
number, terminated in 4,” diameter holes arranged in a spiral 
row and spaced in tenths of a pipe diameter. Two annular re 
cesses yy” x 34”, each formed by a ¥” gasket (see Section AA, 
Fig. 5), constituted the corner connections for measuring the 
differential across the faces of the orifice. Each recess com- 
municated to a ,4” hole in the flange face by which the static 
pressure was brought out to the manometer connections. Align- 
ment of the test section and orifice was assured by dowel pins. 
All pressure connections terminated in clean holes free from 
burrs and with the hole edge rounded to approximately .” 
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stant speed and the 
controlled by a large and a small 


> be valve in parallel on the pump disc] 
46°11 } } | 


CORNER CONNECTIONS 


by a bypass valve returning the oi 


in Fig. 4. Most of the runs were n 
differential heads between 5” and 
maximum range being 3” to 80”-—a 
entials being expressed in inches of 
fluid. Special precautions were taken against air ent 
in the liquid. Continuous vents were provided at the in 
approach pipe and of the test section. Manometers wer 


ined by transmitted light for air bubbles and whenever 


bubbles appeared on the meniscus surface they wer 
by connecting the open end of the tube to an ejector 


Observations. The duration of each run averaged 
minutes with two observers taking simultaneous readin 
inlet and outlet manometers every half minute. Discha 
weighed in two 30-gallon tanks used alternately, and 
piping was arranged to insure a minimum disturban¢ 
conditions when changing discharge from one tank to 
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Temperatures in the line were read at 
very five minutes and manometer 
temperatures obtained by lowering ther- 
mometers into the indicating liquid be- 
fore and after each test run. The oil 
temperatures were observed by bare-bulb 
mercury thermometers at the entrance to 
the approach pipe and at the exit of the 
test section. Oil viscosities were deter- 
mined by a Saybolt viscosimeter, and den- 
sities by precision hydrometers. 


CALCULATIONS AND RESULTS 


Computed Results. All calcu 
lations were made independent- 


east 








4. 


| 
- 


Experimental Set-up used in Viscous Re 


; MAT 
LiL | ath 

HEL ll || it 

ial akin AN all. 
1% OFT. LONG | “WY | 




























, , > . 2) \ — 4 
ly by two or mort compute rs, | THERMOMETER } pees } ¥ A x 
ysing calculating machines. Cor- | cannes | oe Cuan Pies 
; . +e | CONTROL . c ‘ST 
rections Were made for the dif- | ; 4 j 
. : VALVES 5 ‘ k 
ference in density between the “ d V 
age a ; | 
fuid in the line and that in the cual 
. 7 . " ov ACE is 
manometers. All of the com | , ‘eEaT EXCMANGER - BY-PASS VALVE | T | 
puted results herewith present- f je | 
ed are based on the common ] MOTO, se Te ; sje 
j j ” : ————— eee ee os —————1 1 _ 
“hydraulic equation”: Se 7 
PUMP : 
2 ah / ¥ v7 | 
Q=Ca : ow CLD | 
\ 1—(a/A)? SLR SUCTION LINE , 872 FT. LONG 4 | 








While there may be some differ 
ence of opinion regarding the 
correctness of using this equa 
tion for the viscous region, an 
analysis of the data showed that no other simple equation, 
without a variable coefficient applies in this range. Moreover, 
all corresponding results presented by other investigators are 
calculated by the hydraulic equation. As the following para 
graphs will show, the discharge coefficients calculated on this 
basis give smooth reproducible curves over the entire range 
needed in practice, and this enables the orifice meter to be used 
in either the viscous, the critical or the turbulent region without 
departure from the usual method of calculation. 

Two complete sets of discharge coefficients were calculated, 
one based on the readings from the pressure connections at the 
orifice faces (hereafter called the “corner connections”), and 
the other based on the readings from the so-called “vena con- 
tracta” connections. 


Graphical Presentation and Recommended Coefficients. 
Since the other investigators whose results are available have 
used corner connections only, the results of the authors’ tests 
have been plotted on this basis in Fig. 6 and are presented for 
comparative purposes. Similar curves have been prepared for 
the so-called vena contracta connections and both groups have 
also been plotted on the square root scale of Reynolds number 
R, instead of the logarithmic scale, but these are not repro 
duced here for lack of space. 


Aceuracy and Reproducibility of Coefficients. An analysis 
was made of the deviation of test points from the average 
curves as shown. For the 550 tests, there was an average varia 
tion of but 0.6%, and only 10% of the tests varied from the 
curves by over 1.5%. Various additional tests were made to 
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Fig. 5. Example of Correction Factors for Variations in Viscosity, 
Density and Flow Rate. 


determine the reproducibility of the coeflicients for duplicate 
determinations and also for variations in the design and oper 
ating conditions. More than fifty 
with dissimilar conditions of velocity and viscosity, but with 
the same Reynolds number, have been produced and compared, 
and a few of these are listed in Table 1. It will be seen from 
this table that although the second test point of each pair rep 
resents an increase in most cases of over 50% in the differential 


pairs of experimental tests 


head, the average difference in the coefficients of discharge is 
less than 1%. A comparison may be made with Table 2 which 
gives differences in coefficients for nearly identical conditions 
of velocity and viscosity for each pair. These tables show that 
the reproducibility of coefficients at any given Reynolds num 
ber is about as good with unlike as with like values of velocity 
and viscosity. This indicates the validity of the Reynolds num 
ber criterion. , 


In the matter of design variations, additional tests were run 
with different oriffces, with a different approach pipe, and with 
a different orificd test section. Fifteen runs in the 
number range betlween 30 and 1000, with each of two additional 
orifices of the 404% 
of the standard 40% 
with the 40% orifice, in the Reynolds number range of 100 to 
1000, using a commercial extra-heavy black steel approach pipe 
within 1% 


teynolds 


ratio size, showed an agreement within 1% 


orifice. Similarly twenty-five check runs 


preceding the orifice test section, gave coefficient 
of those obtained with the standard set up 


COMMERCIAL USE 


For practical use, at this time, the authors recommend only 
the range of diameter ratios from 20% to 50% inclusive, and 
Reynolds numbers above 100. In this range the coefticients for 
the two sets of pressure connections were found in these test 
to agree within a fraction of 1%. Therefore the curves of the 
lower part of Fig. 3, which give the recommended coefficients, 
may be used for either type of pressure connection provided the 
requirements listed on Fig. 2 are followed. For these conditions 
the accuracy of this set of coefficients is within 1.5% 

The authors realize the lack of available curves or 
means for readily converting given flow conditions into terms 
of equivalent Reynolds numbers for purposes of design and use 
\t the top of Fig. 3 are therefore placed a series of diagonal 
lines representing a range of viscosity from 50 to 6000 seconds 
Saybolt and covering the Reynolds numbers above 100, as ree 
ommended. To use these it is only necessary to make a tenta 
tive selection of pipe size and orifice ratio for the rate of flow 
under consideration, and to calculate the product: 


other 


Gal. per min 


Actual pipe I.D. (in.) d/b 

Locating this number on the upper ordinate scale, crossing hor 
izontally to the viscosity line and dropping vertically to the 
curve for the orifice ratio, the coefficient may be read on the 
lower ordinate scale (see Example on Fig. 3). Any intermediate 
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Table 1 COMPARISON OF DISCHARGE 
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the inometer or ter available it will ” oe ee F pre > 95 
wen I meter or meter ivalliabie 1 \ P 4 10 4/10 107 4/10" 10 4/102 104 4 
be necessary to change either (A) _ the 9 
pipe size, (B) the diameter ratio, (C) Fig. 6. Experimental Resuits of Viscous Flow Tests—Corner Connections. ~ 
the desired maximum vapacity, or (D) oe 
the viscosity. This latter factor can usu 75 
illy be so modified by heating the oil at the point of metering. In brief, the data available embraced the work of : 
In commercial applications where the temperature varies tigators working in England, Germany and the United s 
somewhat and cannot be compensated for in the meter calibra using eight different pipe diameters fanging from 
tion, the recommended range of orifice ratios and Reynolds I.D., using water, water-glycerine mixture and at 
numbers has a special advantage by reason of the comparative different grades of. oil The salient points pertair 
. . : pie . ‘ iS | rtal 
flatness of the coefficient curves. A typical example of the cor work of each experimenter are as follows: Gern 
rections required to compensate for variations in viscosity and T) - ; fol wae : ratio: 
° ° ns ow «FER we W 5 ( > ‘ Fi - “ngs ’ 1a ‘ 
density, due to temperature changes, is shown in Fig. 5. These 4H ‘ ssisige aoe Be = th a oe ae és f 0. 
corcection factors. when applied to either the computed Q in 1¢ oe a Ne search Committee report, more « ian 
equation (1), as based on the standard conditions shown on covers the entire viscous flow range than does any « ippre 
the figure, or when applied to the meter constant, give the cor five orifice diameter ratios used in these tests were ' nd t 
rected flow under the actual conditions. Similar curves are also 0.401, 0.595 and 0.794. The orifice assembly was somew! A gail 
given to show the required corrections for variations in the lar to that used by the authors in their tests in respe the 2 
flow rate, not only at the standard but also at other tem use of the corner connections but, of course, did not fice a 
peratures contracta or any other type of differential pressure t \ orific: 
of Johansen’s water flow calibrations were made wit] is int 
CORRELATION OF VISCOUS FLOW ORIFICE COEFFICIENTS fices installed in pipes having an internal diame ter of 10S¢ 
; thi : ; mately 114”. However, the oil flow tests in the visco p Ho 
It is re lized that no work of t us nature serves its maximum were made with pipes of 0.301” I.D. Reference to diame 
usefulness until compared in detail with the work of other curves in Fig. 6 of his paper will show a complete ¢ re tl 
experimenters. Such comparisons immediately disclose impor in the joining of the water and the oil curves, indi HS" 
- > ° - . pha ; “ - é 4 ~ Ss. ( 
tant discrepancies in the work being done, or lend confidence re : Tiki, tek e : : ; sed 
, “ difference in coefficient due to change in pipe diam« 
in the results obtained if a good agreement be shown. In mak- : : ‘ per 
. : : is at variance with what would be expected from previ I 
ing these comparisons, however, the data of each experimenter , : “agh hat 
: , opine ‘ in the turbulent flow region reported by Spitzglas 
must be evaluated in accordance with the similarity require the A.S.M.E. Fluid Meter Report Part 1. and fr exper 
ments discussed in the next section. most recently done at Ohio State University by S. | mine 
At the outset of these tests an examination of the existing ler? under the direction of the A.S.M.E.-A.G.A. Joint Gi 
literature on this subject showed that there was at least one Committee. For all practical purposes, Johansen had Visco 
important point of similarity in all the work performed so far, different size orifices as the smallest, namely the cially 
namely, the use of corner differential pressure connections. diameter ratio, was calibrated only to a maximum | erset 
These connections were taken at the faces of the orifice plate, value of 50. vwe' 
in most cases by providing annuli between the orifice plate and Witte’s viscous flow tests for the I. G. Dve Ind | 
the holding flanges, and always so as to communicate the static = es :97 
. . ve iF, ¢ yhansen. ‘Flo rough Pipe Orifices at Low R di, 
pressures on both faces of the orifice to the test manometer. ave.” Gatetin. nel K- aa S ia N — ok ak at ; 
; . rs eports and Memoranda oO yf e Aer 
Inasmuch as details of these arrangements are given in the Committee, London, England, June 192 \ 
papers of each of the investigators cited, no attempt is made 27. M. Spitzglass, “Orifice Coefficients—Data and Result t 
. . . { Cm: ] msca tc Tol] 4 9292 res O19 » O74 . 
to reproduce them. However, in order that a suitable compari- A.S.M.E. Transactions, Vol. 44, 1922, pages 919 to 974. : 
, 8S "1 Ratetan emination of ischarge eft 
son could be made with these data, the authors used both corner Edeed 3 Be gg — —. on of an — in a 
. . Azer inces if ipes o rom | to l if lan te 
connections and the so-called vena contracta type which are Rentet Mending 1653. ans 
favored in this country. 4R. Witte. “Flow Constants of the I. G. Measuring Low \ 
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is made in 1.575” I.D pray Phe orifices ere al 
95 ed used in special holdin flanuwe Pavia pre ure 
% LEGENE pies n connections so arranged a to be rene ral 
85 + e comparable with the corner connection ced 
60} VTRACTA by both Johansen and the authors, but differ 
75 ing considerably in detail construction 
70 
65 Fig. 7. Co-ordination of None of the inve tigator referred to above 
oo 5 20 25 30 35 40 45 50 55 6065 7075 60 45 Existing Data on Equal Ru F fF , P 
values vives sufhicier data to indicate he tua 
DIAMETER RATIO < ie 
ranges of differential pressure utilized acro 
the orifice or the range of viscosities of the various liquid 
used. ‘Thus, these analyses must assume the ranges to be sul 
Germany in 1928 included in all seven orifices of diameter stantially those used by the present authors; at least, no co 
roti 4 OAS 2°24 ¢ ‘ i a 204” ; a - ¢ . , ’ 
ratios of 0.243, 0.339, and 0.488 in a 3.94 I.D. pipe, and ratios nizance can be taken of anv specific differences therefrom 
f 0.370, 0.44, 0.542 and 0.68 in a 1.97” I.D. pipe. These tests, pe ’ : 
. ee The graphic method oft comp irison \ i il ed In CoO-orainatil 
however, extended down to a minimum Reynolds number of ; + 
: ; sie : the data given by these several investigators with those ol 
approximately 300 based on orifice throat diameter and speed ’ ' 
a4 : ‘ . t tained by the authors. The procedure is as follows: A u 
ind therefore, are incomplete in the extremely viscous regions : 


. apa : “pee : 7 one value of Reynolds number, based on orifice throat dian 
(gain, no marked difference in coefficients was discovered in 


the 2” and the 4” pipe-size orifices. As compared with the ori 
fice assemblies used by other experimenters, the I.G. type of 
orifice is perhaps the most dissimilar. Notwithstanding this, it 
is interesting to note that his data agree quite closely with 
those of Johansen. 


ter, the corresponding coetticient was taken from the curve o 
each experimenter for each orifice tested These value ere 


plotted on the basis of orifice diameter ratio versus orifice 


coetticient and a smooth curve then drawn through these point 


‘ 


In all, twenty values of the Reynolds number were chosen for 


; is ting, and the curves are show r. 7. From each 
Hodgson’s data® are perhaps the oldest but cover only three = at mg, sad Un Ps sina rs . , Bs ‘ e, ppl ' 

‘ . , . oO se curves 1a) Ss wer c or the rriou diameter 

diameter ratios, namely, 0.421, 0.632, and 0.841. In fact these a en ee se — 


re : ‘ a : ges iene? ratios and these in turn were replotted on the basis of Re 
ire the same orifice installed in three different lines of 0.755”, | Ph : 


503” and 0.378” I.D. pipe respectively. The orifice carrier 
used by Hodgson (as shown in Fig. 5 in the 1929 A.S.M.F. 
paper) has the corner pressure connection arrangement some 
what similar to that used by Johansen and in the authors’ 
experiments. His results line up more nearly with those ob 
tained by the authors than do either Johansen’s or Witte’s 
Giese® is the latest experimenter to present data in the 
viscous flow region. \ great portion of his work covers spe 
cially shaped orifices, standard orifices with the beveling re 
versed and extremely thin plate orifices. Three of his orifices, 
however, were of appreciable thickness, that is, approximately 
*;", beveled to 45°, and only the calibrations obtained there- 


nolds numbers versus the orifice coefficient. By connecting like 
point for each diameter ratio on the 20 different Reynold 
numbers and by cross-plotting to iron out small irregularitie 
a family of coefficient curves was obtained a hown in Fi | 

Referring to Fig. 7 it will be noted that appearing thereor 
ire not only the coefficients for corner connection from the 
wuthors’ tests but also coefficients for the so-called vena con 
tracta connections. It is interesting to note the close red 


ment between these two sets of pressure connection for 


Reynolds numbers of approximately 150 and above for orifice 
of diameter ratio up to 50%. This same close agreement be 
tween these two sets of pressure connections in the turbulent 





nee . h 3 = owe -— . M“ or} s als eC ted the r it ft { t Ohio 
from are included in this analvsis. These orifices were of the ot { "Unie pes . ae —_ “ony ib = a | 
Qr eo = . a ° . i) > tT ‘TS r » re¢ f ve 
0.137, 0.176 and 0.258 diameter ratios, all tests having been tate liversity® rete yi pe teniginis 
The curves in Fig. 7 were so drawn as to represent hat 
: ater, Oil, Gas and Steam,” from Physical Laboratory of the I. G. Dye appeared to be the best interpretation of the value of all the 
ges "1493 to 15 ne: SPN, SUE A eoenree P+. AP. 4 data considered. It will be noted that in all case here a 
<6, pages 9: 0 1502 . 
L. Hodgson. “The Laws of Similarity of Orifice and Nozzl spread occurs between the coefficients for similar size orifice 
” A.S.M.E. Transactions, Vol. 51, 1929, FSP 51-42, pages 303 as used by different experimenters, the data by the author 





a C “Fy M th N . + Orig — appear higher, whereas those by Witte. Johansen and ir ( 
x. Giese, ‘low easurement with Nozzles and rifices a 1€ f . . 
Low Values of the Reynolds Number.” Forschung, 4, 11, 20 (1933 eral cases those by Giese ippear lower than the average curve 
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The authors suspect that these differences are due mainly to 
lack of similarity which includes such variables as orifice edge 
finish, orifice edge width, beveling, pipe diameter or the 
roughness factor, size of annulus on each side of the orifice 
plate, and character of inlet and outlet pipe. These variations 
show a need for standardization of design so that future data 
will be on a more comparable basis than is the case at present. 


ADVANTAGES AND SHORTCOMINGS OF THE REYNOLDS 
NUMBERS AS THE BASIS FOR CORRELATION 


In the discussion which follows, a steady non-pulsating and 
non-helical flow is assumed and heat transfer and compressibil 
ity are considered negligible. Corrections for velocity of ap 
proach (initial kinetic energy of the stream) are made by the 


usual “meter constants.” 


The accuraey of any metering orifice when it is used without 
special calibration of the unit in place depends upon the simi 
larity between its performance and that of some other standard 
metering unit for which the calibration is known. For perfect 
similarity in performance three groups of conditions must con 
form to those of the calibration standard: 


|. The metering elements must be similar in geometrical 


2. The flow patterns or stream characteristics of the fluid 
djacent to the orifice must be similar 

The properties of the fluid being measured must be ac- 
ed for 

Certain of these similarity requirements have long beer un 
derstood. For example, there has been no question as to the 
necessity of comparing the orifice in service with a standard 
of the same diameter ratio. It has further been known that since 
standard orifice calibrations are made under “steady” condi 
tions, the flow pattern or stream characteristics in the vicinity 
of the orifice being compared must also be steady and con 
tinuous, with the net average motion of each particle in the 
ixial direction only. As regards the fluid properties, cognizance 
has been taken of the difference in density between the fluid 
being metered and the fluid used in the orifice calibrations. 
However, it has not been generally understood that perfect simi 
larity in the geometrical design of the metering element includes 
such details as relative pipe roughness, orifice edge finish, length 
of orifice tube or edge width, diameter of the pressure openings 
or holes, and length of straight approach and discharge sec 


nt 


tions. Likewise similarity of flow patterns means not merely 
freedom from swirls, pulsations or other irregularities but a 
similar placement of the fluid flow in either the viscous, critical 
or turbulent regions. Further the fluid properties to be account 
ed for include relative viscosity as well as relative density 

The idea is gradually being accepted that the dimensionless 
ratio known as Reynolds number fully defines the conditions 
necessary for similarity between any two fluid flow systems, 


when only the viscous and the inertia forces are acting.*-!° For 
in orifice, the Revnolds number is expressed iS: 
Vdp 
Ry SS bis eo eee 
mM 


That is, in the case of two similarly sized orifices, if the axial 
velocity, density and absolute viscosity were the same and the 
orifices were in perfect geometrical agreement in design and 
installation, their coefficients should be identical. At first glance 
this seems to present an infinite number of possibilities of varia 
tion in actual operating conditions. Fortunately experiments 
have shown that there is an inter-relation of these variables in 
such a way that any combination resulting in the same numeri- 
cal value of the Reynolds number, produces the same coefficient. 
lhus the individual values of V, d, p and wu may change, but if 
the Reynolds number is not changed, the same coefficient will 
hold. This is illustrated in the data given in Table 1 where con 
ditions of velocity and viscosity varied appreciably, but so long 
is their ratio gave the same Reynolds number, the same coeffi 
cient of discharge was found. This result may be anticipated by 
a dimensional analysis,'! and it is also in accord with experi 
mental results in other fields of fluid dynamics such as friction 
in pipes and behavior of airplane models. 

Che physical requirements suggested by each of these factors 
and the significance of each in relation to the discharge coef 
ficients, are somewhat as follows: 

Linear Dimension “d.’ If a single linear dimension d is to 
represent the size of the entire metering element, strict geome 
trical similarity must be maintained in all respects. This means 


oO. « eitiens. ‘ 
dynamics,”’ A.S.M.E, Tran ti 


to 


‘The Use of Models in Aerodynamics and Hydro 
s ol. 54, 1932, APM 54-22, pages 225 


8*Fluid Meters, Their Theory and Application,” Part I, Appendix C, 


pag 


’National Research Council, “‘Hydrodynamics,” Part I, 1932, pages 4 
to 24 
I A. Stalker, “Principles of Flight,” Chap. VI, pages 103 to 118 


also referenc« 
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for instance that if orifices of various sizes are used 
pipe, a different calibration curve will apply to « 
the identical orifice plate is used in pipes of differ: 
calibration curve for this orifice will change. 

Axial Velocity V. It is convenient to use for d t} 
orifice diameter and for V the measured volume 
divided by the area corresponding to d. This assur 
similarity of flow pattern, both preceding and fo 
orifice, especially with respect to jet contractior 
known that the velocity distribution across the inlet 
the size of the vena contracta of the discharge secti« 
the axial velocity. It must then be expected that the 
of discharge will vary with velocity. 

The Kinematic Viscosity of the Fluid p/p. Absolut 
may be caleulated with sufticient vwecuracy from me 
by a viscosimeter. Density may be measured by pre 
drometers or specific gravity balance. This issumi 
rate fluid temperature measurements are made d 
metering process. Considering the fluid in motion at 
average axial velocity, the density of the fluid fixes t 
tude of the inertia forces and the absolute viscosit 


magnitude of the viscous forces. Since these two for it. 
mine the friction, the turbulence and the jet contrac 
must affect the value of the coefficient of discharge. A W 
compressibility and heat transfer are negligible, th mete 
viscosity fully defines the properties of the fluid at mete 
temperature. 4 and 
If all of the above requirements could be fulfille: norta 
entirety, the Reynolds number would be a perfect cr yor 
to the value of the coefficient of discharge for any cor — 
of the variables of velocity, density, orifice size ‘and well 
But while it is entirely possible to obtain a perfect ble p 
based on these variables, it is extremely difficult, if 1 4 A 
sible, to obtain perfect geometrical similarity in the sa 
tion itself. For example it is well nigh impossible aan 
relative roughness, relative orifice edge finish or ori ) FO 


finish exactly to se ile, or to effect complete proportio recel 
tween the orifice edge width and orifice diameter. Of 
tails the relative roughness of the pipe wall itself 
offers the largest obstacle to the attainment of perfe 
trical similarity. 
The experiments to date indicate* that the variat 
efficient with pipe size (which is another way of ¢ g 
relative rouginess) is less pronounced in the viscous 1 
it is in the turbulent range. For the explanation of thi 
ably is necessary to go beyond the ideas expressed by th 
olds criterion and to examine the magnitude of the pips 
irregularities with respect to the pipe diameter. ‘The 
nomenon appears in the results of pipe friction studi: 
Whatever the reasons, the fact remains that due to f 
obtain complete similarity in design, it is not possibl 
the Reynolds number as a complete basis without incor 
some additional factor or set of tolerance limits to cor 
for this failure to attain complete similarity. Since the 
of orifice coefficients due to pipe size, orifice edge f 
other factors which probably violate perfect similarity do 
exceed 114% in the turbulent region, the authors fee 
view of the present experimental evidence this tolerance i 
in the viscous and critical flow regions. Therefore, 
given in this paper can be correlated on the basis of R 
number within an accuracy of 114% and used for er vy 
cial applications within this tolerance, when the orific: , 


» water 


tion fulfills the design requirements of Fig. 2 








I wa 
NOTATION east 
A (rea of pipe, square feet A Bee 
a (rea of orifice, square feet ul ¢ 
C Coefficient of discharge (without velocity of appr 
D Diameter of pipe, feet is f 
d Diameter of orifice, feet 
qd Acceleration of gravity, ft./sec./sec. = 
h Differential head ir. feet of flowing fluid rotat 
@ = Quantity rate of flow, cu ft./sec. then 
R, Reynolds Number, based on orifice hole diam wate 
velocity, consistent English units J 
M ° ° . C 
u Absolute viscosity, lb./sec. ft. 
V Velocity through orifice, feet /sec. StS 
0 Density of liquid at orifice, lb./cu. ft n th 
that 
*See references 1, 2, 3 and 4 { 
11Bond: “Introduction to Fluid Motion” (E. Arnold & ¢ rom 
pages 19 to 21 : ym 
12R. J. S. Pigott. ‘The Flow of Fluids in Closed Cor t Vi 
cal Engineering, August 1933, pages 497 to 501 two 
13E. Kemler. “A Study of the Data on the Flow of | 
A.S.M.E. Transactions, 1932, HYD 55-2, pages 7 to 3 arc, 
14Lindquist. “On Velocity Formulas for Open Channe 
Special Report to the World Power Conference, Sectional M« *p 
> +f 
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Flow Measurement 
and Control 


By M. F. BEHAR' 


CHAPTER XXIII—POSITIVE METERS 


(Continued) 
WET TYPES OF POSITIVE GAS METERS 
11. Wet Drum 


Wet drum meters are used for three kinds of services: As test or precision 
meters for small low-pressure flows (generally in the laboratory); as station 
meters for large flows in low-pressure distribution systems (gas companies) ; 
and as industrial meters. This last-mentioned service is growing in im 
portance and a complete range of intermediate sizes has become available in 
recent years, while station meters are giving way to other types. For the 
well-known wet test meter there is no substitute in the laboratory, but porta 
ble precision bellows meters are preferably used in the field. 

A wet drum meter consists essentially of a cylindrical casing positioned so 
that its axis is horizontal, inside which a co-axially mounted cylinder is free 
to rotate. This inner cylinder—the drum—is divided by partitions into one 
receiving compartment and four or more measuring chambers. The casing 
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Malam’s meter, 1819. Arrows show direction of gas—drum turt inter-clockwise. G 
entral chamber e and passes through opening n to compartment 6, where its expanding action on 
water surface and on sides of compartment causes drum to rotate until opening n is sealed, trap 
ping a definite volume of gas. A few degrees’ further rotation and opening x rises above surface 
# water, making b communicate with cutlet. Before n is sealed, o rises and inlet gas can pass into 
measuring compartment c, so inflow is uninterrupted. Before gas has been driven out of d, 
starts being driven out of a, so delivery is likewise continuous. (Illustration from paper on St 
ion Meters by Donald McDonald at 1904 A.G.A. Congress; originally from King’s Treat 

i Gas.) 


is filled to slightly above its axis with a sealing liquid—generally water—into 
which a little more than half of the drum is always immersed, so that, as it 
rotates, each measuring compartment is first nearly emptied of water and 
then completely filled with water. The effect, of course, is that the above 
water volume of each compartment gradually increases and then gradually 
decreases. The gas inlet, located at the center of one end of the casing, con 
sists of a bent pipe, known as the dry well, ending just above the water level 
in the receiving compartment. Every measuring compartment is so arranged 
that during its filling phase it communicates with the inlet and is sealed off 
trom the space between drum and casing; and during its emptying phase it 
communicates with this space and is sealed off from the inlet. Between these 
two phases there is a brief intermediate phase, corresponding to 3 to 6° of 
are, during which the compartment is sealed off completely. The water in 


Part Six of The Manual f Instrumentat 
TE litor, Instruments 


FOR BOILER CONTROL 








HE BAILEY BOILER PANEL gives 

complete information for controll- 
ing boiler operation. It contains the 
Bailey Boiler Meter, a Bailey Fluid 
Meter with which is combined a Boiler 
Water Level Recorder, and a Bailey 
Multi-Pointer Gage. The operator 
has everything right before him to 
obtain the desired capacity and best 
efficiency at all times. Request 
recommendations for your boilers. 


PRESSURE GAGE 


Extremely accurate 
gages embodying 
the dead weight 
gage tester prin- 
ciple are available 
in several sizes up 
to 36” in diameter 
for indicating at re- 
mote points the 
pressure of steam, 





water,gas,etc. These 
gages can be used 
with any pressures and are particularly 
suitable for magnified ranges. Ask for 
Bulletin No. 70. 


LONG DISTANCE INDICATOR 


Bailey Meter Selsyn Operated Equipment for 
recording and indicating pressure, tempera- 
ture, draft, liquid level, etc. at any distance 
from the source is highly accurate and reliable. 
Described in Bulletin No. 110 


ad 


ADJUSTABLE 
ORIFICE 


The Bailey Adjustable 
Orifice is for use with 
Fluid Meter installations 
where accurate measure 
ments are desired over 
a flow range of as wide 
asl60tol. Ask fordetails. 


BAILEY METER CO. 


1041 IVANHOE ROAD 
CLEVELAND, OHIO 
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J b M S ° | any compartment can always flow freely, to all others and to th 
aco pitzg ass The - outlet, through the out 


tween drum and Casing. meter Ou 
NSTRUMENTATION suffered an ir located anywhere above the water line. Thus the gas passes in y 
reparable loss on October 1, when 
Death came to Jacob M. Spitzglass, 
vice-president and chief engineer of Re 


isolated volumes through individual measuring compartments 


measured; there is no leakage or slippage. 





public — a The first meter with a drum having a distinct receiving compa: S, 
Co. anc eading > > > 4 ; 

a, that of Malam in London (Fig. 23-103) brought out in 1819. 7 Vr 
(American authority : ‘ : idl 
on fluid metering. has only been modified since then in that the receiving compart 
Born in Russia in one end of the drum and the measuring compartments are arra1 G 

( ‘ ar y ws = + as 4 
1869, young Jacob wise. Various ingenious designs were patented from time to tim dey 


defied his parents’ awe 
— take too much space to describe any of these: even drawings and p} 
wishes at 16 by , 


abandoning religi require long explanations. Hinman’s drum (American Meter Co.) 


ous schooling for 
practical training 
Denied admission 
to the Kiev Su 
perior School on 
sectarian grounds, 
he worked in his 
father’s flour mill 
and read technical books. In 1904, though 
supporting a wife and two sons, he 











sought to enter a_ technical school in 
Vienna. Again denied admission, he came 
to America. In this country, he lost his 
first job (as a sweeper in a Chicago 
flour mill) at the end of two weeks be 
cause he did not know English well, but 
his subsequent rise was phenomenal. At 
40 he received a B.S. in M.E. from Ar 
mour Institute and four years later his 
M.E 


wa——~< © da 


While making a steam survey for de 
partmental distribution at the Armour 
Glue Works, he perfected the old Geb 
hardt Steam Meter, and later joined the 
Republic Flow Meters Co., makers of 
this instrument. It was he who developed 
the electric flow meter which replaced 
the original steam meter. For his work 
in developing and perfecting principles 
of electric flow measurement, he was 
awarded the Longstreth Medal in 1921 





by the Franklin Institute. perat 
Prominent among his activities was point 
work for the A.S.M.E. As secretary of neast 
the Research Committee on Fluid Meters 1SUl 
he correlated and standardized the avail- , ind k 
able data on fluid flow problems, mean out in 1896 and never yet found to require any significant alteration, orecis 
while conducting an extensive indepen ak f ae ane 1 as ial a 
dent cunenins Ghiek csliaaied tn the said to be the most successful in the large sizes which require hea £0)? 
well known 1922 paper on orifice coeffi- metal and various reinforcements. It made possible 1 periphera pon 
cients. He wrote many other papers on 12" per second, whereas previous types ran 8° at full rating. ind fy 
fluid flow and allied subjects. In more j : Se ee | 
sieielh ‘shnieiin tier aan *himaclf age In principle, a wet drum meter should be perfectly positive and it s that 
search and the gatherias of an extensive possess perfect intrinsic accuracy in measuring a gas which suffers 1 (the | 
library covering all phases of fluid flow. nution of volume through absorption into the sealing liquid. O:1 r, withis 
a also oe te grag Pm various styles of drums can be drawn with equal-volume compartments s Ins' 
veating gas burner which today the ; entati t 
mast whlaly snc yllennerr rake type shaped that regular flow produces absolutely uniform drum rotat meter 
= i t i Ss 4 - - a 
he the aie west. negligible pressure loss, but the first difficulty arises in connect t meter 
keeping the meter size and weight small for a given hourly rat t tempe 
@ } @ having the rapid drum rotation disturb levels and cause uneven f There 
erratic measurements. In the sheet metal shop, practical difficult: for in. 
- ' up. Many a meter has gone out with unequal compartments, so that alt be rig 
CO: BR: Wien, formerly manager of the p. Many a meter has gone out with unequal compartments, so t t alt rig 
Cleveland. Ohio. Office of The Brown In- after calibration its total error may be negligible, it is alternately “f the in 
strument Co., has been appointed District “slow” throughout one complete drum revolution. tly p 
Manager of the territory comprising : 1] re 
> ms : fi an a S re Dg treet Being generally selected for services where their high attainable Frequi 
"KAS, ( Sli i Pe 1 | - i cf as ’. 7 wpe - 
with headquarters at Houston, Texas. makes their weight and bulk inconsequential, wet drum meters at . IZeS, 
provided with devices for exactly leveling the meter and maintai t ; spec 
* ©} © liquid level, and with connections for manometers and thermometers ' 
registered volumes may be converted to standard cubic feet by refs 12. N 
The C. F. Burgess Laboratories, Inc tables. Some have been equipped also with demand devices and with 
“* . s ~¢ « a ° - ° . w 1 1. + 
have been moved September Ist from ers. All, of course, are provided with registers—usually of the mult This 
their former location in New York City type. The measuring compartments being filled with gas at inlet | ; Co.'s | 
to Freeport, Ill, in which locality all it is this pressure that should be used in computations. The press obble 
sales and manufacturing of the Burgess . aie “ 
micro switch. Bureces vacuum contacts represents the energy absorbed in driving the meter, and varies « ments 
and other products of the organization speed. For precision work some meters are equipped with inlet a1 wi Ope 
will be conducted gages and with a differential manometer, also with a plurality of s! g at A, | 
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yen-scale thermometers. Careful control of liquid level, however, will 
jways remain the most important factor. 

Fig, 23-104 shows one of the Lambert Meter Co.’s Monel metal meters 
especially for industrial services in ten capacities ranging from 25 to 
cu. ft. per hour. Fig. 23-105 shows the Precision Scientific Co.'s 
“Sargent” wet test meter, with 1/10 cu. ft. displacement per drum revolution, 
dial graduated in 0.001 cu. ft., and three legs of which two are equipped 
with leveling screws 

Gases to be measured by wet drum meters should be clean (to prevent 
its on surfaces of measuring chambers), dry, free from constituents 


deposit 


reacting chemically with the sealing liquid; and at a temperature which 
should be fairly constant (to prevent appreciable variations in meter tem 
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perature) and of course above the freezing-point and well below the boiling 
point of the sealing liquid. Wet drum meters are used in industry for 
measuring oxygen, hydrogen and other gases for which bellows meters are 
insuitable. The industrial models—especially those made of Monel metal 
and known as “oxygen and hydrogen meters’—are generally built with such 
precision and their functional operation is such as to assure a limit of error 
f 0.2%. With the smaller laboratory meters, the intrinsic accuracy depends 
upon precision of manufacture, accuracy of manometer and thermometer, 
and precision and convenience of meter-leveling and water-line devices, so 
that in general their limit of error may be kept within 1% and in some cases 
(the better meters in the hands of skillful operators) the error may be kept 
within 0.1%. 

Installation requires care in leveling, for if the axis is not horizontal the 
meter will have to be re-calibrated. Foundation should be solid. Industrial 
meters should be located in a well-lighted and well-ventilated place where 
temperature can be maintained above the freezing-point of the sealing liquid 
There should be enough space in front of the meter to allow removal of drum 
for inspection or repair. Connections to permanently-installed meters should 
be rigid and well fitted so as not to stress the meter head. Before making 
the inlet connection the dry well should be examined to see that it is prop 
tly placed, and the drum should be given a few turns to verify its balance 
Frequent attention is required, but maintenance labor, even with the large 
sizes, amounts only to an occasional half-hour and to a thorough cleaning and 
inspection at intervals ranging from two to ten years. 


12. Nutating Bell 


_ This type is represented by only one make, the Pittsburgh Equitable Meter: 
Co.’s (formerly the Westinghouse). The principle is similar to that of the 
wobble-plate liquid meter described in §7 but the bell is divided into compart 
ments and its nutation causes rotation of a distributing valve 

Operation of the meter (see Fig. 23-106) is as follows: Gas enters the inlet 1 
it A, passes through the center cup 4 at B, through the inlet port C of valve 
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KNOW LEDGE 
of your flow conditions 
with the 
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FLOW 
INDICATOR 





Dial-type Plow Indicator 

Dial and Mercury column types... These 
Indicators are applicable for indication 
of flow-rates of water, oils, chemicals, 
air, gas and steam under wide range 
of conditions. 

Maximum W.P.-Dial type 250 Ibs. 
Maximum W.P.--Mereury type 2000 Ibs. 


Both types used with MJL Orifice and 


Flanges...Write for complete literature. 


MOREY & JONES, Lid. 


Manufacturing Engineers 
923 So. Hemlock St.. Los Angeles, Cal. 








JUST WHAT YOU HAVE WANTED 
FOR A LONG TIME 


This New Electric 


STOP CLOCK 





Accurate to better than 1/5 of a sec- 
ond —dead heat—controlled by con- 
venient switch. 

Large 3.” dial—3 times larger than 
an ordinary stop watch—scale divisions 
of 1/5 second. 

A very practical and ruggedly bullt 
instrument — avoids the expense and 
nuisance of jeweller’s repairs. 

Makes rapid and accurate readings 
certain and easy. 

Furnished in neat hard wood case, 
complete with extension cords for con- 
nection to current supply, cord with 
manual control switch and resetting 
button. Reasonably priced. 


THE STANDARD 
ELECTRIC TIME COMPANY 


SPRINGFIELD, MASS, 


Write for Prices Please State Voltage and Frequency 
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MANUFACTURERS’ 13, and through the passages D of the valve section 18, into com; 
between drum 14 and the fluid F. A difference in pressure bein 
LITERATURE tween the compartments E in communication with inlet port ( 


‘ P 
i Gls depeitaibed ab Bah teenth tet chamber G of the meter, the drum rotates on universal joint 10. « [| 
13 to revolve, keeping its inlet port C in communication with 1 

















the printed matter issued by manufacturers. 

Uniess otherwise noted, any of the items ments E which are increasing in volume, and its outlet port H . 
listed may be secured free upon applica- tion with the compartments E which are decreasing in volume 

tion to the issuing firm. Manufacturers who cam 
have not yet sent in their printed matter 

are invited to do so. 

A269 Regulators. Sept. 1933 edition of 
40-page Copes Catalog” contains dis- 62 
cussions of feed-wat lators and 
allied equipment. 5 rams show 
operation of various systems. Northern voll 
Equipment Co., Erie, Pa the 

A270 Experimenter. Aug.-Sept. issue a 
contains articles on Chronograph Meas eee 
urements in Chemistry, Improving 53 “Mi 
Quality of Broadcast Transmission, et« Fig 
General Radio Co Cambridge, Mass. 

A271 Electrolimit Gage. 12-page 4 
booklet shows various forms and dis- 46 stan 
cusses applications including continu 65 cuit 
ous-inspection methods. Pratt & Whit- a. 
nev C'o., H irtford, Conn ther 

A272 Solenoid Valves of concentric ‘ ism 
design are listed in 4-page Leaflet m eter 
20592. Westinghouse Electric & Mfg 7 
(‘o., East Pittsburgh, Pa brat 

A‘ Scientific Instruments mfd. by ther 

teichert, Vienna, Austria. Research, en 

il, dissecting, petrographical, 557 p 
metallurgical and fluorescence micro- ‘ circ 
scopes; micro-photographic, projection, ing 
drawing and blood testing apparatus ihe 
objectives, eye pieces, dark field and Cer 
other condensers, saccharimeters, spec- nisl 
troscopes, polarizers, mechanical 60 syste 

stages, ete Literature now available : 
through Pfaltz & Bauer, Inec., New forn 
York City. Sl 
A274 Photomicrography. Reprint of ther 





a 22-page article on A Photoelectric xe 
Exposure Meter for Photomicrography crov 
by Louis Gross and C. A. Joninson,. E y oper. 


GT gy ag aS, Teaflet Compartments E discharge through passages D of the valve pot, 
nent mild, walery ee eee outlet port H of the valve into the upper chamber G of the meter. 1 dali 
Elec (Controller & Mfg. Co., Cleve- passes on through the movement box 7-A and through the outlet k t 60 ©) 

A276 Flew, Level and Pressure Con- movement box cover 8, into the line. The motion of drum 14 is com: acts 
ne Rigel nn Bs ee Bhan uate tae. to register 32 by link 22, worm 26 and worm wheel 27, etc. = 


tails and useful diagrams. Northern 
Equipment Co., Erie, Pa 

\277 Centour Measuring Projector. - 
38-page booklet describes uses in detail 
Bausch & Lomb Optical Co., Rochester 
N 


a 


A278 Grille Type Microphones, 4-pax¢ 
bulletin on newest forms. Brush De- 
velopment Co., Cleveland, O. 

A279 Graphic Records. Their value 
set forth in folder entitled “Hundreds 
of Dollars Saved!" Brown Instrument 
Co., Philadelphia, Pa. 

A280 Miecrovolter. Instruction sheets 
and 8-page technical description of this 
portable measuring unit. Ferris Instru- 











ment Corp., Boonton, N. J. [ 
A281 Cathode Ray Tube. Leaflet 

shows recommended circuits. Allen B 

DuMont Labs., Upper Montclair, N. J 
A282 Colloidal Graphite. Tech. Bulle- 

tin N130 on its use as a high-tempera- 

ture lubricant. Acheson Oijildagz Co., 

Port Huron, Mich 
A288 Control Power Unit, Leaflet M9 

on Type M9%4-2 valve-operating “Modu- ‘ 


trol” motor for use with potentiometer 
type instrument Minneapolis-Honey 
well Regulator Co., Minneapolis, Minn 





INSTRUMENTS, 330 W. 42nd St. 
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ing the angle of the drum. To adjust thé 
: ; 
and lower adjustment bearing 24, makir 
| meter faster. After 





“Adjustment is made by chang 
lock nut 25, raise lock pin 25-A 








bo 9 60 O8 R64 590.009 ¥ ees be wee slower; or raise the adjustment bearing 24, making the 
Name S See ee Os lock the adjustment bearing with pin 25-A and nut 25. Additional adjust: 
ee made by shortening or lengthening link 22.” 

Position : , yee ee eee eee 2 1 
; The usual sealing fluid is an oil selected with regard to the met 
Firm nikOPChs ees av ea kb abate seas es ss ; ’ 

Accuracy depends on proper maintenance of liquid level, and a limit 
Street and No...................00e eee of 0.5% is attainable. In most other respects, too, the characteristics a1 
Oly. ius eo to those of the wet drum type. 
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"Speedomax"' 


Leeds & Northrup Co. 
UNDAMENTALLY, this new instru 
ment is a high-speed null recording 
potentiometer for measuring small d.c. 

voltages such as those produced by a 
thermocouple. The circuit can be readily 
grasped by comparing it with an L&N 
“Micromax” potentiometer pyrometer, 
Fig. 1, in which the detecting element is 
a galvanometer inserted between the 
standardized e.m.f. of the pyrometer cir 
cuit and the unknown e.m.f. of the 
thermocouple. This **Micromax” mechan 
ism mechanically adjusts the potentiom 
eter so that the e.m.f. across the cali 
brated slidewire balances that of the 
thermocouple, and moves the recording 
pen correspondingly. In the “Speedomax” 
circuit, Fig. 2, the potentiometer measur 
ing circuit is retained, but the galvanom 
eter and the mechanical balancing mech 
inism are replaced by an_ electrical 
system by means of which high-speed per 
formance is obtained. 

Since the unbalanced e.m.f. in the 
thermocouple circuit is a matter of mi 
crovolts, it is necessary to amplify it to 
operate the electrical balancing system of 
the potentiometer. Into the thermocouple 
circuit is introduced a carbon microphone, 
driven by an armature energized from the 
60 eyele line. This microphone assembly 
acts as a chopper and modulates the d.c 
unbalanced e.n.f. Into the thermocouple 
circuit is also introduced the primary of 
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Fig. 2 


t transtormer, the secondary of which 
feeds a voltage unplifier. In operation, 
Woan unbalance in d.e. e.m.f. occurs in the 
potentiometer circuit, direct current flows 
ind the mic rophone modulates this so 
that part of it is converted into a 60 
evcle ac. The de component of the un 
balance current flows through the pri 
mary of the transformer without effect, 
but the a.c. component induces an alter 
nating voltage in the transformer sec 
ondary which is applied to the voltage 
amplifier. The direction of flow of the 
unbalance current through the primary 
determines the phase of the a.c. feeding 
the amplifier. The output of this am 
plifier feeds a transformer having a 
center tapped secondary. One end is con 





Fig. 3 


nected to one thyratron grid and the 
other end is connected to a second thyra 
tron grid so that the phase of the first 
thyratron is reversed from that of the 
second. 

The plate voltage of the two thyra 
trons is supplied from the same line as 
the microphone drive and is therefore 
of the same phase. In one or the other 
of the two thyratrons, the grid voltage 
will be in phase with the plate voltage 
and this thyratron will pass current 
The plates of the thyratrons are con 
nected to the forward and reverse fields 
of a split field series reversing motor 
mechanically connected to the potentio 
meter slidewire to perform the balance 
ing operation Therefore, in operation, 
if there is a sudden increase in tempera 
ture the e.m.f. from the thermocouple i 
momentarily higher than the e.m.f. fron 
the potentiometer and an unbalance cur 
rent flows in the thermocouple circuit 


The ac. component of the current un 


balance is amplified and turns on one of 
the thyratrons to run the motor in a 
direction to balance the potentiometer 
and thus reduce the unbalance current 
to zero. If the temperature goes low, 
the unbalance current flows in the op 


posite direction, thereby reversi 
pl ise of the 1.4 Col ponent ind oper 
inv the other thyvratron to run the 
to a balanee in the opposite direction 
\nv tendency to overshoot is) elimi 
nated by coupling a tachometer n net 
to the shaft of the drivi motor and 
opposing its em.f. to the unbalanced 
e.m.f. in the thermocouple circuit Vhi 
is not shown in Fig. 2) ‘Therefore, if 
there is a sudden change in tempet ture, 
one thyratron tends to move the rele 
wire and pen rapidly down seale; the 


magneto driven by this balancing motor 
produce Ss an Opposing ce emt propor 

tional to its speed which tends to brin 

thout a momentary reverse unbalanes 
in the thermocouple circuit, thereby 
shifting control to the other thvratron 
ind so reducing the balancing speed of 
the motor As the motor slow down, 
the opposing e.m.f. from the tachomet ri 


] 


magneto decreases ind t 


He contro 
iwain shifted to the forward direction 
etc., until the potentiometer i finally 
brought into balance for the new ten 
perature 

The response characteristic of the cin 
cuit is such that the reeorder pen can 
cover the 10” chart width in two second 
without overshooting 

Fig. 3 shows the general ippearance of 
a Speedomax recorder adapted for use 
with a radiation pyrometer to measure 
and record rapidly varving temperature 
in a steel mill 

While the foregoing description refer 
to temperature measurement, the Speed 
omax is suitable for measurement of 
other variables, and for their effective 
iutomatie control 
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Mercury Vapor Detector 


General Electric Co. 
AID to be three time is sensitive 
as previous types, this instrument 
flashes a light and sounds a gong 
when the continuous unple of mercury 
boiler flue gases drawn through its in 


take duct contains one part of mercury 


vapor in 10 ind responds in “a fe 
seconds whereas. the previou detector 
operates only after some minutes.” It 


employs the resonance radiation method 
the gases pass between a mercury lamp 
Which emits ultra-violet radiation of the 
Hy atom wave-length and a quartz-sodi 
um photocell ( pecially sensitive ino thi 
region, Which therefore responds selective 

ly when mercury atoms in the flue gase 

absorb the monochromatic radiation. Our 
illustration shows this new detector at 
the left; the one at the right employ 

the older principle based on the darker 

ing of a selenium sulphide film 
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Four-stage Fuel Flowmeter 
Commercial Engineering Labs. 

HANGEOVER from one stage to 

the next is entirely automatic in 

this new instrument designed to 

measure the rate of flow of such liquids 








is gasoline or Diesel oil over an excep 
tionally wide range. The particular 
“Research” flow indicator illustrated, 
I'ype I8A, measures flows ranging from 
2 to 200 gals. per hr. The same degree 
of precision obtains throughout, because 
the seales are logarithmic. The cylinder 
at the right is a centrifugal filter and 
uir trap which automatically removes air 
und gasoline vapor and prevents vapor 


lock 
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Small Stable Phototube 


General Electric Co. 

F the vacuum type, this new pho 

toelectric tube, Type FJ-114, is 

made in an automobile headlamp 
bulb with standard bayonet base to facili 
tate mounting in crowded locations. It 
combines the sensitivity of the usual gas 
tube and the stability of the usual vac 
uum phototube. The activation process 
which produces high sensitivity increases 
also the infra-red sensitivity to below 
12,000 A. U. With an automobile head 
lamp as the light source (2600° C. or 
700° F.) the new tubes give a 5% or 
6% response through a heat-transmitting 
filter (usual phototubes about 0.5%). An 
interesting detail is the method of join 
ing the caesiated silver coating of the 
bulb (the cathode) to the contact in the 
base. A piece of 0.003” spring material 
fastened to the contact post presses a 
piece of 0.0005" platinum foil welded to 
the tip of the spring, so that it is held 
against the glass bulb. This platinum foil 
is fused to the glass, and when the bulb 
has been coated with its caesiated silver 
film, the connection is complete. 
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Pressure Gages 


Consolidated Ashcroft Hancock Co. 


CID-PROOF phenol 
cases of ample mechanical strength 


make these new gages weigh half 


as much as cast metal case gages. Sizes 





are 44”, 6” and 8”. Bronze or alloy 
steel Bourdon tubes and Monel bushed 
movements are employed for ranges up 
to 600 Ibs.; special alloy tube and Nitral 
ley movements for ranges up to 10,000 


Ibs. 
© © ¢ 


Type Il Rotoscope 
Commercial Engineering Labs. 


AID to have “the greatest speed 

range of any form of stroboscope” 

this motor-driven stroboscopic tach 
ometer is of the interrupted line-of-sight 
type with an Ashdown cylindrical bladed 
shutter permitting binocular vision. By 
means of a four-stage gear shift and of 
a precision governor (set by knob at 
right) it is possible to observe mechan 
isms rotating or oscillating at any fre- 
quency between 100 and 100,000 per min. 
The moter runs on 110 volts a.c. or d.e. 
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Magnetic Thickness Gage 
Commercial Engineering Labs. 
EASURING the thickness of iron 
and steel walls by direct con 
tact with one side only is the 
function of the “Micro-Magnetic” Thick- 
ness Gage. The two poles of a power- 
ful electro-magnet are brought in contact 
with one surface of the wall to be 
measured, and the wall thickness is read 
on the scale of a_ sensitive indicator 


condensate 





which magnifies the actua 
about ten times. The partir 
illustrated is for gaging the 
automobile cylinders after roug 
This gage has two indicators, t 
dicating the wall thickness 
pole of the magnet, and the ri 
cating the thickness at the bott 
\ limit pointer on the dia 
indicator is set by inserting the 
a master cylinder block at a poi 
wall which has the minimum 
thickness. By using a cable wit 
and counterweight to suspend tl 
above a conveyor, the gage i 
within easy reach of the inspect 
can follow through the required 
effortlessly. This novel gage | 
other applications, one being 
of steel tanks and cylinders for 
tance tests or for regular 
tests where one side of the wa 
ject to corrosion in service 
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Improved Microvolter 
Ferris Instrument Corp. 
[ine ana for factory and fi 


ing and for much_ laborator 

development work where all 
tures of a more expensive sign 
ator are not needed, the new n 
Microvolter is a self-contained 
sensitivity measurements coveril 
quency range of 150 to 20,001 
means of six coils. Change from « 
to another is made by means of 
on the front panel. A self-contai 
cycle oscillator provides 30% mod 
at 400 cycles. Power supply is fr 
volt, 60-cycle a.c. line. The Micro 
portable (see Fig. 1), weighing 
20 lbs. Case is of welded sheet al 
Triple shielding is employed: cas 
lator shield, and coil system cast 
aluminum. Fig. 2 shows the ul 
sembled as far as the coil syst 
coil being removed. Each coil i 
arably removable assembly and 
replaced by a coil of different f1 
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Fig. 2 

range, thus providing flexibility. ‘The 
type of coil system shown in Fig. 2 pro 
vides very short and direct RF leads 
with a minimum of dead leads. Ground 
ing contacts for the two coils adjacent 
to the one in use prevent undesired reso 
nance effects. The attenuator provides 
5-ohm output resistance for voltages up 
to 1000 microvolts, where the greatest 
accuracy is required. The vacuum tube 
voltmeter is fitted with a bias control 
(left, Fig. 2) accessible when back is 
removed, adjusted when a tube is re 
placed. 


© @ 


Split Core Transformer 
Test Set 
Roller-Smith Co. 


ITH this new test set it is pos 
sible to obtain a.c. ampere read- 
ings as low as 4 amp. and as 
high as 200 amps. While the ammeter 
was designed especially for use with the 

Type CSO transformer, it may be used 
separately as a_ self-contained, double 
range instrument. It has two ranges, 2.8 
and 15 amps., when used without the 
transformer. When used with the trans 
former two additional ranges are pro 
vided, 40 and 200 amps. When using the 
transformer it is not necessary to open 
the circuit to be tested as the trans 
former may be opened to a sufficient ex 
tent to slip over a cable or bus bar. 

The Type CSO transformer is small, 
light and rugged. It weighs 41/4, lbs. and 
its overall dimensions are 7” x 31/4," x 3”. 
It is hinged at one end and may be 
opened about 414”. The opening is 
hy’ x 17%" x 2,”. The Type PA am 
meter is 41,” x 5” x 154”, weighs 11, 
lbs. and has a scale 3," long. Its accu- 
racy is 2%. It is rugged and will stand 
any reasonable instantaneous overload. 
When a larger ammeter is desired, the 
R-S “Steel-Six” instrument, with a scale 
length of 5,8,”, is recommended. The 
transformer will work equally well with 
either type of ammeter. 





Precision Leveling Square 


George Scherr Co. 
N the longitudinal level the seale 
interval (2 mm.) represents 
0.0005 per ft. or 10 seconds of 


are. ‘This extraordinary sensitivity is at 





tained by means of an_ inside-ground 
vial, filled with distilled chemically pure 
sulphur ether and rarefied air, and 
sealed by fusing. \ secondary cross 
level is provided for holding the level 
horizontal when used on shafts, V-ways, 
ete. Both levels are permanently im 
bedded in sulphur. The close-grained 
cast iron rigid webbed frame has one 
side plane and the other three of pris 
matic shape. ‘The side edges are exactly 
parallel to the axis of the longitudinal 
level. Guaranteed accuracy is 10. sec 
onds of are. 
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Recording Time Cycle 


Controller 


The Brown Instrument Co. 
NOBSTRUCTED by the cam, the 
pen traces a true record, while the 
transparent cam not only com 
mands the processing schedule but serves 


ee & 





as a standard of comparison whereby 
the performance of the auxiliaries asso 
ciated with this new recorder-controller 
may be checked. Thus there are com 
bined in one case a temperature or pres 
sure time-cycle controller and a_ virtu 
ally independent recorder. The photo 
graph shows how the problem of pen 
arm freedom was solved: by letting it 
travel behind the plane in which the cam 
and its follower move. Cams are cut by 
the user from transparent disks by plot 
ting the schedule on a chart and using 
this chart as a template. 


Certified Hydrometers 


C. J. Tagliabue Mfg. Co. 
l PPI 1} 1) in »! In and in combined 
forms, all with signed certificate 
guaranteeing accuracy higher thar 
required by the 1.S.T.M or the LS 
Gov't, these new 
instruments em 
body a number of 
1m provements, 
mong them some 
entirely new fea 
tures. Referring to 
the illustration 

(1) Red glass 
strip fused to stem 
indicates exact po 
sition of gravity 
scale. 

(2 
ity scale facilitates 


)} Double gray 


reading when hy 
drometer rotates 

(3) Yellow 
scales with black 
figures © combi 
nation said to be 
“ideal” when used 
in dark oils 

(4) Large - bore 
lens-front red 
backed thermome 
ter tube facilitates 
reading 

(5) Metal seale 
is firmly imbedded 
in solid ballast to 
prevent. slipping. 
It is 25% lonyer 
than ordinary 
paper scales ind 


its open gr idua 





tions permit read 

ing to Ye Ese 

minimizing conmmonest source of error 
(6) Solid metal ballast No mercur' 


to spill if plain form hydrometer 1 
broken. See also Jnstruments, No L930, 
page 723. 

(7) Streamline tip is easy to clean, 
lets hydrometer sink quickly in’ heavy 
oils and permits use of large-bulb pre 
cision thermometer 
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Graphite Anode Air Cooled 


Thermionic Tubes 
By D. E. Replogle* 
ITH Lt on prlece pure 


anode in lieu of the metallic 


rl iphite 


plate, results have proved so 
encouraging that such anode ire nov 
employed in all types of Sylvania tran 
mitting and power amplifier tubes, and 
may be incorporated in the smaller and 
more commonplace tubes For year 
tube engineers have been fascinated bi 
the thought of using carbon with tt 
high thermal emissivity, close to that of 
the Kirchhoff black body. Many attempt 
have been made to include carbon in the 
makeup of the inode: the graphite 
coated metallic plate has been employed 
for some time; also, solid carbon plate 
These have been assembled from two or 
more pieces, introducing high contact 
resistance. When ubjected to bombard 
ment just prior to sealing off, the car 
bon plates, having amorphous carbon on 
the surface, give off carbon particle 
which settle on the inside of the bulb, 
on the grid, the press, spacer ind other 


members. Carbon coating inside the bulb 


Chief Engineer, Electror D 1 
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decreases heat dissipation, making the 
tube operate still hotter and therefore 
defeating the very purpose of the car 
bon plate Carbon deposit on the fila 
ment cuts down filament emission, inter 
fering with tube performance. On the 
press, spacers and other non-conducting 
members, it causes leakage. 

Obviously, commercial carbon must be 
especially treated prior to mounting and 
bunbardment, so as to reduce the mass 
to pure graphite. ‘The begins 
with a solid carbon block which is pre 
cisely machined to final size and shape, 
then treated for removing impurities. 
the resultant pure graphite plate is 
mounted on the stem and placed in the 
viass bulb. When subjected to bombard 
ment it heats to a bright glow, giving 
off whatever occluded gases may reside 
in its pores. There are no impurities to 
throw off. The volatilization point of 
pure graphite being much higher than 
that of the usual molybdenum or nickel, 
there is no possibility of sputtering con 
ducting particles. When cooled, the 
graphite mass acts as a getter, having 
i. great affinity for whatever gases may 
still remain in the evacuated tube. 

The graphite anode possesses ample 
mechanical strength and is rigidly sup 
ported by nuts and bolts. With the 
roughest handling the glass and metal 
parts will break before the graphite 
anode. The contact resistance between 
this one-piece anode and adjacent metal 
is practically zero. In operation, the 
graphite anode offers 50% greater heat 
dissipation than the usual metal plate, 
without overheating. The glass bulb may 
be slightly hotter, but its function is to 
impart that heat to the surrounding air. 
Che graphite anode does not heat to the 
glowing point even under heavy loads, 
as contrasted with glowing molybdenum 
plates even under normal operating con 
ditions, does not undergo any deforma 
tion, and there is absolutely no change 
in tube characteristics, whereas with 
metallic plates it is necessary to employ 
a stout truss mounting, and the in 
creased mass of metal complicates the 
gas clean-up problem. 

Exceptional heat dissipation makes 
graphite anode tubes capable of handling 
higher outputs for a given rating. Op 
erated at the indicated ratings, the tubes 
are under little strain and function sat- 
isfactorily for long continuous periods. 
Long total life is experienced because 
the tube can be processed and aged 
more critically than is common practice 
with metallic plate tubes, and because 
tubes can be made “harder” by reason 
of the getter action of the graphite. 
With harder tubes the positive ion bom 
bardment of the filament is reduced to 
a minimum, which means that the thori 
um in thoriated filaments is consumed 
at a far slower rate. 


process 
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Mirror Telephoto System 


American Askania Corp. 

NE-FIFTH of the length and 

much lighter than a conventional 

lens telephoto system of equal 
power, this device employs the principle 
of the reflecting astronomical telescope. 
Fine adjustments are easily made. Dust 
and dirt are excluded. A disk carrying 
six yellow or red filters permits getting 
sharp details at extremely long distances. 
Quick-change of focuses is readily ac 
complished without disturbing other ad 
justments. 
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Cycle Splitter 
Westinghouse Elec. & Mfg. Co. 
NDICATING brief elapsed time, such 
as the operation period of a relay, is 
the purpose of this instrument. The 


one illustrated employs a synchronous 
motor-driven disk with numbers from 
1 to 60 punched along its periphery and 
traveling between a neon lamp and a 
viewing slot. The cireuit of the relay 
being studied is closed automatically at 
the instant that zero (“60”) passes the 
slot; when the relay functions the neon 
lamp flashes (approx. 10-8 sec.) and the 
stenciled number is impressed on the ob 
server’s retina. 
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Low Water Cutoff 


Minneapolis-Honeywell 
Regulator Co. 
ESIGNED for gage glass mount- 
ing, an improved bellows-sealed, 
packless construction low water 
cutoff, a duplex switch and water feeder 
are available for vacuum or pressures 
up to 25 lbs. The two ways in which 
protection against low water may be 
provided are possible with these con- 





bul 


‘ie 


trols: First, the fire may be shut down 
and remain so until the boiler is manu- 
ally refilled. This is accomplished with 
the low water cutoff connected into the 
circuit so that if a low water condition 
occurs a mercury switch cuts off all 
power. Second, the fire may be shut 
down and simultaneously an automatic 
water valve will open to allow refilling 
of the boiler. The low water cutoff and 
solenoid valve supply this automatic 








safety control. If the water f 
is not used, the connections p 
it may be used to operate an 
The water feeder valve is j; 
rectly in the cold water inlet 
fore is free from 
collection troubles. 


liming ar 
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Differential Pressu 
Control Valve 


Northern Equipment C 
NEW differential pres 
valve known as the ( 
55-2, is an improved 
the Copes Type SS, now pe 
valve throttling higher pre 
than in the earlier design, wit 
ter or unbalance. Internal part 
simplified and 
rugged. The new valve is made 
6-inch sizes, inclusive, in the 
and 600-lb. pressure standards. ‘1 
of control is 10 to 35 Ibs./in.2 dif 
pressure. The valve will handk 
drops up to 150 Ibs., dependir 


been made m 


size. The fittings, either Monel ni 


stainless steel as specified, desi; 
the operating conditions specifie: 
customer, are said to be accura 
anced under flow conditions 
from chatter within the reco 
operating range. 
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Rubber Capped Plugs 


H. H. Eby Mfg. Co., Inc 


OR apparatus of a more 
portable 


of heavy-duty rubber capps 


when used with the newer rubber 


cables, makes a combination wh 
stand severe usage. These plugs 


nature the new Eby 


a 


( 





plied for 4-, 5-, 6- or 7-prong conduct 


cables in either male or 


with a selection of t 


sizes of rubber caps as illustratec 
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Photoelectric Rela 
J. Thos. Rhamstine 


female 
various style 


Y 


l sl ANI) 


Eye” are 
and simpli 
employs a 
type Rl 
photocell, 
pensive | 
and a sen 
lay with 
adjustme! 


large oil 





already ust 


test the purity of lubricating oi 
ing stations. It will operate on i 
which makes possible elaborate 
alarm systems. 
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ADJUSTABLE ORIFICE 
Ame in Meter ¢ 
Huiley Meter Co 

“ue FLOW INOICATORS 

rican Meter ( 
Bulle y Meter Co 
Brown Instrument Co 
Defender Autom’c Reg. Co. 
Foxboro Co 
Morey & Jones, Lid 
Taylor Instrument Cos. 

AIR METERS 
American Meter ¢ 
ibuiley Meter Co 
Bristol Co 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxbore Co 
Pioneer Instrument Co 
Taylor Instrument Cos 

ALTIMETERS 
General Electric Co 
Taylor Instrument Cos 

ALTITUDE BAROMETER 
Taylor Instrument Cos 

AMMETERS—Indicating 
General Electric Co 
General Radio Co 

Rawson Elec. Inst. Co 
Weston Elec. Inst., Corp 

Recording 
Bristol Company 
Brown Instrument Co 

Esterline-Angus Co 
General Electric Co 
Pioneer Instrument Co 

ANEMOMETERS 
Bristol Company 
Esterline-Angus (¢ 
Taylor Instrument Cos 

ASPHALT TESTING 

APPARATUS 
Taylor Instrument Cos 
ASTRONOMICAL 
INSTRUMENTS 
Gaertner Scientific Corp 
ATTENUATION NET. 
WORKS 
General Radio Company 
Ward Leonard Elec. Co 
AUDIO-FREQUENCY 
OSCILLATORS 
General Radio Company 

BALANCING MACHINES 
Baldwin- Southwark Corp 
Genera! Electric Co 

BAROMETERS—Aneroid, 
Mercurial, Recording 
Bristol Company 
Defender Autom’c Reg. Co 
Gaertner Scientific Corp 
Taylor Instrument Cos 

BATTERY TESTERS 
Weston Elec. Inst., Corp 

BEARING TESTER 
Burgess Labs., Inc., C. F 

BOARDS: INSTRUMENT 
Bailey Meter Co 
Bristol Co 
Brown Instrument Co 

‘oxboro Co 

BOILER METERS 
American Meter Co 
Bailey Meter Co 

BRAKE TESTING 

METERS 
Rawson Elec. Inst. Co 

BRIDGES, ELECTRICAL 

Capacity, Inductance, Kelvin 

Resistance, Temperature, 

W heatstone, Percent 
General Electric Co 
General Radio Co 

CABLE TESTERS 
Rawson Elec. Inst. Co 

CALORIMETERS 
American Meter ¢ 

Gaertner Scientific Co 

CAPACITANCE METERS 
General Electric Co 
General Radio Co 
Weston Elec. Inst 

CARBON DIOXIDE 

METERS 


Corp 


Brown Instrument Co 
Foxboro Co 
CATHETOMETERS 
Gaertner Scientific Corp 
CHLORINE GAS FLOW 
INDICATORS 
Morey & Jones, Ltd 
CHRONOGRAPHS AND 
CHRONOMETERS 
Esterline-Angus Co 
Gaertner ~wwomrnyr-Z Corp 
General Electric C 
General Radio Co 
CLINOMETER 
Baldwin-Southwark Corp 
CLOCKS—Gage Board 
Brown Instrument Co. 
Bristol Company 
Defender Autom’c Reg. Co 
Esterline-Angus Co 
Foxboro Co 
Pioneer Instrument Co 
coILs 
Resistance, Inductance, 
Special 
General Electric Co 
General Radio Co. 


INSTRUMENTS 
Page Al0 — Vol. 


COIL TESTING EQUIP. 
MENTS 


General! Electric Co 
COLORIMETERS 
General Klectrie Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Defender Autom'c Reg. Co 
Morey & Jones, Ltd 
Pioneer Instrument Co 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
Esterline- Angus Co 
Genera! Radio Company 
Rawson Elec. Inst. Co. 
COMPARATORS 
Gaertner Scientific Corp 
General Electric Co 
COMPASS 
Pioneer Instrument Co 
Taylor Instrument Cos. 
CONDENSERS—Electrical 
General Electric Co 
General Radio Co. 
CONDUCTIVITY METERS 
indicating, Recording, 
Controlling 
Esterline-Angus Co. 
Rawson Elec. Inst. Co. 
meet 48 “—: 
PROJ 
CONTROLS. AUTOMATIC 
Combustion 
Bailey Meter Co 
De fender Autom’c Reg. Co 
Morey & Jones, Ltd 
Condensation 
Bristol Company 
Taylor Instrument Cos 
Damper 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 
Morey & Jones, Ltd 
Pioneer Instrument 
Taylor Instrument Cos 
Demand Pressure 
Bailey Meter Co 
Foxboro Co 
Pioneer Instrument Co 
Feed Water 
American Meter ( 
Bailey Meter Co 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Flow 
American Meter Co 
Bailey Meter Co. 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Gravity 
Bailey Meter Co. 
Humidity 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Liquid Level 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Materials Testing, 
Strain-Time 
Baldwin-Southwark Corp 
Materials Testing, 
Stress- Time 
Baldwin-Southwark Corp 
Materials Testing, Load 
Maintenance 
Baldwin-Southwark Corp 
Pressure & Vacuum 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Pyrometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 
Taylor Instrument Cos 
Rate- Volume 
American Meter Co 
Foxboro Co. 
Refrigeration 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 


Tachometer 
Balley Meter Co 
Bristol Company 
Brown lustrument Cu 
Foxboro Co 
Pioneer Instrument Co. 
Weston Elec. Inst. Corp 
Temperature-Time 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Pioneer Instrument ¢ 
Taylor Instrument Cus 
Thermometer 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co. 
Foxboro Co 
Taylor Instrument Cos 
Thermostat 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Pioneer Instrument Co, 
Taylor Instrument Cos 
ime 


Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos 
Voltage A.C. 
Water Level 
American Meter (¢ 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
COUNTERS—Ratchet, 
Magnetic 
Esterline 
Revolution 
Baldwin-Southwark Corp 
Bristol Company 
Brown Instrument Co 
Pioneer Instrument 
Stroke 
Baldwin-Southwark Corp 
Bristol Company 
CREEP TESTER 
Baldwin-Southwark Corp. 
CUBIC FOOT BOTTLES 
American Meter Co 
CURRENT RECORDERS 
Bristol Company 
General Electric Co 
Esterline-Angus Co 
CYCLE CONTROLLERS 
Bristol Co. 
CYCLE COUNTERS 
General Radio Co. 
CYCLOMETERS 
DAMPING TESTER 
Raldwin-Southwark Corp 
DEFORMETER (Beggs) 
Raldwin-Southwark Corp. 


DEMAND METERS 


Angus Co. 


Gas 
Foxboro Co 
Electric: Indicating, Re- 


cording, Printing 
General Electric Co 
DIVIDING HEAD 
Optical 
DIVIDING MACHINES 
Gaertner Scientific Corp 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
General Electric Co 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
EARTH CURRENT 
METERS 


Rawson Elec. Inst. Co 
ELECTRIC TELEMETERS 
Raldwin-Southwark Corp 
Esterline-Angus Co 
General Electric Co 
Pioneer Instrument Co 


ELECTRIC WAVE FILTER 
ONS 


General Radio Company 
ELECTROMETERS 
ELECTRONIC METERS 

Esterline-Angus Co 

General Electric Co. 

General Radio Co 

Rawson Elec. Inst. Co 
ENGINE INDICATORS 

Raldwin-Seuthwark Corp 
ENGINE REVOLUTION 

COUNTERS 
EXTENSOMETER 

Raldwin-Southwark Corp 
FATIGUE TESTERS 

Baldwin-Southwark Corp. 
FAULT FINDERS 

Weston Elec. Inst. Corp. 


FLELD RHEOSTATS 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos 
FLOW METERS 
indicating 
Bailey Meter Co 
srown Instrument Co 
Defender Autom’c Reg. Co 
Morey & Jones, Ltd 
Pioneer Instrument C¢ 
indicating & Recording 
American Meter Co 
Bailey Meter Co 
Brown Instrument Co, 
Foxboru Co 
Pioneer Instrument Co 
Integrating & Recording 
American Meter Co 
Morey & Jones, Lid 
FLUE GAS ANALYZERS 
Brown Instrument Co. 
FLUXMETERS 
Rawson Elec. Inst. Co. 
FREQUENCY METERS 
indseating 
General Electric Co 
Weston Elec. Inst. 
Recording 
Bristol Company 
Esterline-Angus Co. 
General Eleetric Co 
Standards 
General Radio Co 
FUEL FLOW 
INDICATORS 
Morey & Jones, Ltd. 
Pioneer Instrument Co 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
Defender Autom'c Reg. Co 
Taylor Instrument Cos. 
GAGES 
Absolute Pressure 
American Meter Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Amplifying 
Comparator 
Cylinder 
Deformation 
Baldwin-Southwark Corp 
Dial 
Differentia! Pressure 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Morey & Jones, Ltd 
Pioneer Instrument Co 
Draft 
Taylor Instrument Cos 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos 
Drill 
Bausch & Lomb Optical Co 
Filter Rate 
Morey & Jones, Ltd 
Flow 
American Meter Co 
Bailey Meter Co 
Brown Instrument Co 
Morey & Jones, Ltd 
Liquid Level 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Co. 
Foxboro Co 
Morey & Jones, Ltd 
Pioneer Instrument Co 
Taylor Instrument Cos 
Loss of Head 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Morey & Jones, Ltd. 
Piteh Diameter 
Pressure 
American Meter Co 
Bailey Meter Co 
Baldwin Southwark Corp. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co 
Foxboro Co 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter.Co. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co. 
Foxboro Co 
Taylor Instrument Cos 
Pressure & Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
Foxboro Co 
Taylor Instrument Cos 
Profile 
Rain 
Esterline-Angus Co. 
Taylor Instrument Cos 
Recording—Distance 
Railey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co. 
Pioneer Instrument Co 
Taylor Instrument Cos 
Strain 
Raldwin-Southwark Corp. 
General Electric Co 
Tester 
Baldwin-Southwark Corp. 
Thiekness 
Esterline-Angus Co. 


Corp. 


Vacuum 
Esterline-Angus Co 
General Electric Co 
Taylor Instrument Cos. 
Volume 
American Meter Co 
Brown Instrument Co, 
Foxboro Co 
Water Level for Boilers 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
‘“oxboro Co 
Pioneer Instrument Co 
Wind 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co 
GALVANOMETERS 
American Meter Co 
Brown Instrument Co, 
General Radio Co. 
Rawson Elec. Inst. Co. 
Taylor Instrument Cos. 
Weston Elec. Inst. Corp. 
GAS ANALYTICAL 
METERS 
Electrical 
Brown Instrument Co 
GAS FLOW INDICATORS 
American Meter Co 
Morey & Jones, Ltd 
GAS LEAK INDICATORS 
Taylor Instrument Cos. 
GAS-METERS 
American Meter Co 
Bailey Meter Co. 
Brown Instrument Co 
Foxboro Co. 


Dry Test 

American Meter ¢ 
Wet Test 

American Meter Co 
GOVERNORS 
Pressure 


Bailey Meter Co. 

Bristol Company 

Brown Instrument Co 

Taylor Instrument Cos 
Pump 

Railey Meter Co 

Taylor Instrument Cos 
Water Wheel 

Baldwin-Southwark Corp. 
GRAVITOMETERS 

American Meter Co 
GROUND DETECTORS 

Weston Elec. Inst. Corp. 
HAND TALLEYS 
HARDNESS TESTERS 

Baldwin-Southwark Corp 
HELIOSTATS 

Gaertner Scientific Corp 
HIGH FREQUENCY 

APPARATUS 

Rawson Elec. Inst. Co 

Weston Elec. Inst. Corp 
HIGH VOLTAGE 
Indicators 


Weston Elec. Inst. Corp. 
Measuring Devices 

General Electric C 

Weston Elec. Inst. Corp. 


Testing Devices 
General Electric Co 
HUB ODOMETERS 
HUMIDITY CON- 
TROLLERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Thermometers 
Rristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
HYDROGEN ION METERS 
HYDROMETERS 
Taylor Instrument Cos 
HYGROMETERS 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
ILLUMINOMETERS 
Weston Elec. Inst. Co 
INDICATORS—See Gages 
INDUCTANCES 
General Radio Co. 
INSTRUMENT CALIBRA- 
TION AND REPAIRS 
Esterline-Angus Co. 
Rawson Elec. Inst. Co. 
Weston Elec. Inst. Corp. 
INSTRUMENT TRANS. 
FORMERS 
Esterline-Angus Co. 
General Electric Co 
Weston Elec. Inst. Corp 
Solit Core 
Phase Shifting 
ang tt TESTING 
EQU ENT 
Gener: ! : Sorte Co 
INTERFEROMETERS 
yaertner Scientific Corp. 
KEYS AND SWITCHES 
General Radio Co. 
LABORATORY RHEO- 
STATS 
LACTOMETERS 
Taylor Instrument Cos. 
LENGTH MEASURING 
MACHINES 
Gaertner Scientific Corp. 
LEVELS 
Centering 
Engineer's, 
Prism 
Taylor Instrument Cos. 


Wye, Precision 





LOCOMOTIVE 
TORS 


Baiawin 
MAGNETIC 
MAGNETOM: 
MANUMETE 

alley M 

$ristol ¢ 

Bru wn J 

Defender A 

f oxboro ( 

Murey & t 
MASTER CLO ~ 
Gaertner 8 
General E) 
eeeoneas ERS 
j0HM VOLi mer 
Weston | ‘on 

MICKOAMMETERS 

KEsterline-A 

General | 

General Ka 

Rawson bk 

Westun ky 
MICGCROFARAD METE Rs 

General Kad 

Weston bik 
MICROMETERS 

Gaertner § 
MICKOMETER 

Gaeriner 8 
MICROSCOPES 
Brinell 

Gaertmer § 
Measuring 

Gaertner S« 
Metallographic 
Petrograpnical 
Toolmakers 

Gaertner Sci 
MICROTOMES 
wAMMETERS 

Bristol Com; 

Ester! ine-A 

General Electrj 

General Radio ( 

Rawson Elec. inst. ( 

Weston kK) r 
MILLIVOLTMETERS 

Bristol Cor 

Brown Instru 

General E] 


SLIDES 


oe METERS 
erline 
— Ra ( 
Weston Ek I 
MOISTURE METERS 
General Ka 
MOTION RECORDERS 
Mechanical 
Saldwin-S ‘ 
Bristol Company 
Esterline- Angus (x 
Foxboro Co 
MOTOR STARTERS 
MULTIMETERS 
Rawson Elec. Inst 
MULTIPLE PEN 
RECORDERS 
Baldwin-s W 
Bristol ( 
Esterline-Angus ( 
Foxboro Co 
MULTIPLIERS 
General E] 
Weston Ele Inst 
NICKEL tention 
TES 
NOISE eeasuaIne 
SETS 


Burgess Lab I } 

General Radio ( 

OHM METERS 
Esterline-Angus Co 
General Elect ( 
Rawson Elec. Inst. ( 
Weston Elec. Inst 

OIL TESTING 

APPA RATUS 

General E] 

Taylor Instr I 
OPERATION REC ORDE RS 
Electrical 

Bristol Company 

Brown Instrument ( 

Esterline-Ar 

Foxboro Co 

Taylor Instrument ( 
OPTICAL PARTS 
Lenses, Prisms, Test Planes 

Gaertner Sx 
ORIFICE METERS 
Indicating & Recording 

American M 

Bailey Meter ( 

Brown Instrur 

Defender Aut 

Foxboro Co 

Morey & Jor I 
Integrating 

American M 
OSCILLATORS 

Weston Elec. Ir Cort 
OSCILLOGRAPHS 

Baldwin-Southwark ( 

General Electr 

General Radio ¢ 
Automatic 

General Elect 
Cathode Ray 

General Electr 
PANTOGRAPHS ; 

Gaertner Scientific ( 
PERISCOPES 

yaertner Scier 

PERMEAMETERS 
yeneral Electr 





PHOTO-ELECTRIC CELLS 
General Electri : 
Weston Elec. I Corp 


PLAN! 
Automa 


POTEN 
Indicati 
Brow! 
Gener 
Recordi: 
Browr 
Standar: 
Feussnet 


Foxbo 
Taylo 
PRISMS 
Gaertt 
PROCE: 
SIG 
STI 
Bristo 
Brown 
Ester] 
Foxbo 
Taylor 
PROTR:, 
Optical 
PROVE 
Ameri 
PSYCH! 
Recordir 
Bristo 
Brown 
Foxbo 
Taylor 


Sling 
Taylor 


PYRHE 
Weather 


PYROM 
Optical 
Radiatio 
Indica 
Brown 
Taylor 
Record 
Brown 
Taylor 
Thermo- 
immer 
Bristo 
Brown 
Foxbor 
Taylor 
Indicat 
Bristo! 
Brown 
Defend 
Foxbor 
Taylor 
Record 
Bristo! 
Brown 
Foxbor 
Taylor 
Surfae 
Bristol 


Brown 


Genera! 

RADIO § 
Weston 

RADIO 1 
Weston 

RADIO 1 
Genera! 

Weston 

REFRAC 
REGULA 
Cont 


METERS 
iS 
| SLIDES 


5 


METERS 
4 | 

fl 

inst, ( 


TERS 
( 
RDERS 





CORDERS 


est Planes 
RS 
rding 





pHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Co 
pHOTO-ELECTRIC 
COLOR COMPARA- 
+ 
General Electric Co 
TOMETERS 
= ner Scientific Corp. 
pHOTO-MICROGRAPHIC 
EQUIPMENT z 
Rawson Elec. Instru. Co 
PHYSICAL TESTING 
MACHINES 
Baldwin-Southwark Corp 
piTOT TUBE METERS 
Brown Instrument Co 
Defender Autom c Reg. Co 





Foxboro Co 

M y & Jones, Ltd 

Pioneer Instrument Ci 
PLANIMETERS 


Automatic Flow Record 
Brown Instrument Co. 
Foxboro Co. 

Linear : 
Brown Instrument Co 
Baldwin-Southwark Cora 

Radial 
Bailey Meter Co. 

Bristol Company 

Foxboro Co. 

Square Root 
Foxboro Co. 

POLARISCOPES 
Gaertner Scientific Corp 

POSITION RECORDERS 
Brown Instrument Co 
Bristol Company 
Esterline- Angus Co. 
Foxboro Co. 

Taylor Instrument Cos 
POTENTIOMETERS— 
Indicating 

Brown Instrument Co 

General Electric Co 
Recording & Controlling 

Brown Instrument Co 
Standard Cell Comparing 
Feussner Type 
POWER FACTOR METERS 

Esterline-Angus Co 

General Electric Co 

Weston Elec. Inst. Corp 
PRESSURE RECORDERS 

American Meter Co 

Bailey Meter Co. 

Baldwin-Southwark Corp. 

Bristol Company 

Brown Instrument Co 

Defender Autom’c Reg. Co 

Esterline-Angus Co 

Foxboro Co. 

Taylor Instrument Cos. 
PRISMS 

Gaertner Scientific Corp. 
PROCESS TIMING & 

SIGNALING IN- 
STRUMENTS 

Bristol Company 
Brown Instrument Co 
Esterline-Angus Co 
Foxboro Co. 

Taylor Instrument Cos 


PROTRACTOR 
Optical 
PROVERS 

American Meter Co 


PSYCHROMETERS 
Recording 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos 


Sling 
Taylor Instrument Cos 


PYRHELIOMETERS— 
Weather Bureau Type 


PYROMETERS 
Optical 
Radiation 
Indicating 
Brown Instrument Co 
Taylor Instrument Cos 
Recording 
Brown Instrument Co 
Taylor Instrument Cos 
Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 
Indicating 
Bristol Company 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co. 
Taylor Instrument Cos 
Recording and Controlling 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 
Surface Contact 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANEL 
Weston Elec. Inst. Corp. 
RADIO TUBE CHECKERS 
General Radio Company 
Weston Blec. Inst. Corp. 
REFRACTOMETERS 
REGULATORS—See 
Controls 


RELAYS 
General E] 
General Radio Co 
Weston Elec. Inst 

Light Sensitive 
Burgess Labs., Inc., C. F 
Weston Elec. Inst. Cory 

Vacuum Contact 
Burgess Labs., Inc., C. F 

Vacuum Tube 





Corp 


surgess Labs., Inc., C. F 
REMOTE METERING 
EQUIPMENT 
American Meter ( 


Bailey Meter Co 
Bristol Company 


Brown Instrument Co 
Esterline-Angus Co 
General Electri 


to 
Morey & Jones, Ltd 
Pioneer Instrument ( 
RESISTANCE—Electrical 
General Radio Co 
RESISTANCE COILS 
RESISTOR UNITS 
RHEOSTATS 
General Radio Company 
SACCHARIMETERS 
Taylor Instrument Cos 
SALINITY INDICATORS 
Ksterline-Angus Co. 
SCALES 
Gaertner Scientific Corp 
SEISMOGRAPHS 
SELSYN EQUIPMENT 
General Electric Co 
SHUNT METERS 
Bristol Company 
Esterline-Angus Co, 
SHUNTS 
Ksterline-Angus Co, 
General Electric Co 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
SIGNALING DEVICES— 


Automatic 
Bristol Co. 
grown Instrument Co 
Foxboro Co 
Pioneer Instrument ¢ 


SPECIAL COILS 
SPECIAL ELECTRICAL 
INSTRUMENTS 

Bristol Company 
Brown Instrument Co 
Esterline-Angus Co 
General Electric Co. 
General Radio Co. 
Morey & Jones, Ltd 
Pioneer Instrument ¢ 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
SPECIAL INSTRUMENTS 
Esterline-Angus Co. 
SPECTROGRAPHS 
Gaertner Scientific Corp. 
SPECTROMETERS 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Gaertner Scientific Corp 
SPECTROSCOPES 
Gaertner Scientific Corp 
SPEED COUNTERS 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Co 
SPEED REGULATORS 
STANDARD CELLS 
Weston Elec. Inst 
STOP WATCHES 
STRAIN GAGES 
Baldwin-Southwark Corp. 
General Electric Co 
SUNSHINE RECORDERS 
Taylor Instrument Cos 
SURGE INDICATORS & 
RECORDERS 


Corp 


Esterline-Angus Co. 
General Electric C« 
SYNCHRONOSCOPES 
Weston Elec. Inst. Corp. 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co. 
SYNCHRONOUS MOTORS 


General Electric ¢ 

Pioneer Instrument ¢ 
TACHOGRAPH 

Baldwin-Southwark Corp 
TACHOMETERS 


Bailey Meter Co 

Bristol Company 

Brown Instrument Co 

Esterline- Angus Co 

Foxboro Co 

Pioneer Instrument Co 

Weston Elec. Inst. Corp 
TACHOSCOPES 

Brown Instrument Co 
TELEMETERS 

Baldwin-Southwark Corp 

Esterline-Angus Co 


Pioneer Instrument ¢ 
TELESCOPES 

Gaertner Scientific Corp 
TENSOMETER (Huggen- 


erger 
Baldwin-Southwark Corp 


TESTING MACHINES 


Fatigue 

Baldwin-S hwark Corp 
impact 

Baldwin-Southwark Corp 
Hardness 

Baldwin-Southwark Cory 


Portable—Tensile—Com- 

pression 
Baldwin-Southwark Cory 

Sheet Metal 
Baldwin-Southwark (¢ 

Oil & Bearing 
Baldwin-Southwark Corp 

Universal 
Baldwin-Southwark Corp 


THERMIONIC RECTI.- 
FIERS 


= 4 


General Electric Cx 
THERMO-JUNCTIONS 
(Electric) 

General Radio Co 
Rawson Elec. Inst. C« 
THERMO-VOLTMETERS 

AMMETERS 
General Radio Company 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
THERMOPILE—Coblentz 


Type 
THERMOMETERS 
Bailey Meter Cx 
sristol Company 
Brown Instrument Co 
Gas Filled 
Defender Autom’c Reg. C¢ 


Foxboro Co 
Taylor Inst 

Mechanical 
Brown Instrument Co 
Defender Autom’c Reg. Co 
Foxboro Co 


Companies 


Mercurial 
Bristol Company 
Taylor Instrument Cos 
Resistance 
Brown Instrument Co 
Foxboro Co 


Vapor- Tension 
Bristol Company 
Brown Instrument Co. 
Defender Autom’c Reg. Co 
Foxboro Co 
Taylor Inst 
Wet & Dry Bulb 
Bristol Company 
grown Instrument Ce 
Foxboro Co. 
Taylor Instrument Cos 
THERMOSTATS 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 
TIME INDICATORS 
saldwin-Southwark Cory 
TIME METERS 
General Electric ¢ 
TIME OPERATION 
RECORDERS 
Bristol Company 
Esterline-Angus Co 
Foxboro Co 
TIME RECORDERS 
Bristol Company 
srown Instrument Co 
Esterline-Angus Co 
Gaertner Scientific Corp 
Foxboro Co. 
TIME SWITCHES 
General Electric ¢ 
TIMERS 
Rawson Elec. Inst. Co 
TIMING DEVICES 
General Electric ¢ 
TORSIOGRAPH 
Baldwin-Southwark Corp 
TOTALIZING 
INSTRUMENTS 
American Meter Co 
General Electric ¢ 


TOTALIZING RELAYS 


Companies 


Electric 
General Electric ¢ 
TRANSFORMATION 


POINT RECORDERS 


Brown Instrument Co 


TRANSFORMERS 
(Instrument) 
Esterline-Angus Co. 
General Electric ¢ 
General Radio Co 


Weston Elec. Inst., Corp 
TRANSITS 
Astronomical 

Gaertner Scientific Corp 
Pocket 


Taylor Instrument Cos 


TUNING FORKS— 
Electrically Driven 
General Electric Co 
General Radio Co. 
Gaertner Scientific Corp 
TURBIDITY METERS 
U-TUBE MANOMETERS 
Bailey Meter Co. 
Brown Instrument Co. 
Defender Autom’e Reg. Co 
Morey & Jones, Ltd 
Taylor Instrument Cos 


VACUUM RECORDERS 
Sailey Meter Co 
Bristol Company 
Brown Instrument Co 


Defender Autom’c Reg. Ci 


Esterline-Angus Co 
Foxboro Co 
Taylor Instrume 


nt Cos 


VACUUM TUBE BRIDGES 


General Radio ¢ ompany 


VACUUM TUBE RELAYS 


Burgess Labs., Inc., C. F 
VACUUM TUBE 
VOLTMETERS 
General Electric Cx 
General Radio ¢ 
Rawson Elec. Inst. Co 
VALVES 
Automatic Shut-Off 
Bristol Company 
Brown Instrument Co 


Defender Autom’c Reg. C 


Foxboro Co 

Taylor Instrument Cos 
Back Pressure 

\ rican Meter ¢ 
Balanced 

Bailey Meter Co 


) 


Baldwin-Southwark Corp 


Brown Instrument Co 


Defender Autom’c Reg. C 


Foxboro Co 


Taylor Instrument Cos 
Blow -off 

American Meter Cx 
Diaphragm 


Bristol Company 


Defender Autom’c Reg. C 


Foxboro Co 

Taylor Instrument Cos 
Differential 

American Meter ¢ 


9) 


Electrically Operated 
Baldwin-Southwark Corp 
Bristol Company 
Brown Instrument Co 
General | tr ( 
Taylor Instrument ( 

Motor Operated 


Pressure Relief 

\ nM ( 
al Air-Gas 
iM 


‘ 


Proportion 
Arne ul 
Reducing 
Bailey Meter Co 
Taylor Instrument Cos 
Regulating 
\ I leter ¢ 
Bailey Meter Co 
Bristol Co 
Brown Instrument Co 
Defender Autom c Reg. Co 
Foxboro Co 
Taylor Instrument Cos 
VENTURI METERS 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co 
Morey & Jones, Ltd 
Pioneer Instrument ¢ 
VIBROGRAPH 
saldwin-Southwark Corp 
VIBROSCOPE 
Baldwin-Southwark Corp 
VISCOSIMETERS 
Taylor Inst. Companies 
VOLTAGE DIVIDERS 
General Radio Co 
VOLT-AMMETERS 
Esterline-Angus Co 
General Electric Cx 
Weston Elec. Inst. Corp 


VOLTMETERS 
Electrostatic 
Genera} } 


Rawson Elec. Inst. Co 


Indicating 
ty I ( 

il Radio Co 

on Elee 

ton Elec 


G r 
Co. 


Raw 
Wes Corp 





Recording 
Bristol Company 
Esterline-Angus Co 


Gel t 
Thermionic Rectifier 
General Radio C« 
WATER METERS 
Bailey Meter Co 
Brown Instrument 

Foxboro Co 
Morey & Jones, Ltd 


WATTHOUR METERS 
Ger I ‘ 





WATTMETERS 
Indicating 
G LI 


Recording 
Bristol ¢ 
Esterline 


mpany 
Angus Co 
il I ( 
WAVEMETERS 
G i 


X-RAY SPECTROMETERS 


Gaertner Scientific Corp 








What instrum 


ent do you want to buy? 








Mu, 


3 ee 


Without Meals 


$2.50 Daily Per Person $3 


If you do not listed in the Advert } pag 

in the INSTRUMENTS INDEX 4 

fevieds. ioe. eadasinmant 

you wish to purcha ; ; ; 

the Publish i 
e Publishers of this Journal 

will pe plea GC T Torwara y J 

manufacturers T ICN instrur 
Onl a ne ci cl a A a ng, ng, 
| American or European Plan—Complete G Facilit 
: af = > 
| ‘ ee 
| | 
| ~ eM | 
| Os 





ON THE OCEAN FRONT 


She Breakers 


ATLANTIC CITY, N. J 


AS LOW AS 








a a a 


~S> 


eo overs 


ae 


Ay 


Extraordinary Reduction in Rates 


> 
—s 
— PPP 








SEVEN GUARANTEES 
of Good Service 








‘oo 400 600 800 {ogo 1209 yap 


| — ~ 
| 









-to-mercury 


FOR PRECISION CONTROL of temperatures up troller of almost incredible sensitivity, 
€ of, r °c . r \ i . 

to 3000° F., BRisTOL’s new Pyrometer Con- yet sturdy enough for the severest shop 
troller Model 478 can’t be beat. Here you use. @ The handy coupon is for your con- 
have ‘“‘degree-splitting”’ characteristics venience in writing for full information. 
that permit an unflinching control over —=THE BRISTOL COMPANY, Waterbury, Conn. 

. Branch Offices: Akron, Birmingham, Boston, Chicago, Denver, Detroit 
the heating process. Here you have a con- Los Angeles, New York, Philadelphia, Pittsburgh, St. Louis, San. Francis 


TRADE MARK 


BRISTOLS 


REG U.S. Pat. OFF. 


PIONEERS IN PROCESS CONTROL SINCE 1889 


THE BRISTOL COMPANY, WATERBURY, CONN. : 
Send copy of Bulletin 389 on Bristol’s new Pyrometer Controller, Model 478 


Name. Address 











Application in which interested 








